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LOCK surgical excision of the lym- 
phatic-bearing tissues of the neck will 
probably cure more patients with met- 
astatic carcinoma in this area than 

will any other procedure known at this time. 
‘Lhe operative mortality is low; the resultant 
alterations in appearance and function are 
small (Figs. 1 and 2); and the technical diffi- 
culties are not so great as they are sometimes 
estimated. 

Carcinomas of the mouth and lips seldom, 
metastasize below the clavicles, even termi- 
nally; nearly all fatalities come from deep or 
widespread local extension or insurmountable 
neck involvement. The use of neck dissections 
on these patients when possible and when the 
iocal lesions are probably controllable, is a 
rule that can be followed, with deviations in 
some instances, rather than its use as a last 
consideration. 

Data concerning the rationale of the opera- 
tion, criteria for its performance, results, choice 
of the type of dissection, and other forms of 
treatment, have been reviewed in a recent 
paper (4). Taylor and Nathanson’s book is an 
excellent source of information regarding the 
anatomy of the cervical lymphatics and ‘the 
probable direction of spread from various loca- 
tions in the mouth, and the book contains 
other relevant material. 


From the Department of Surgery, Washington University 
School of Medicine. 


Central lesions such as carcinoma of the! 
lower lip or of the floor of the mouth or alveo- 
lus anteriorly, tend to metastasize to both 
sides of the upper part of the neck. More 
laterally situated lesions on the side of the 
tongue, or farther back on the alveolus or floor 
of the mouth, or on the buccal mucosa, are 
apt to spread unilaterally to the deep superior. 
cervical nodes and then down through the 
nodes adjacent to the internal jugular vein. 
To meet these different situations, there are 
two types of operations: the bilateral upper 
neck dissection and the complete unilateral 
neck dissection. 


COMPLETE NECK DISSECTION 


This operation is done much as described by 
Crile in 1906, with some modifications. Its 
purpose is the removal of as much of the 
lymph-node-bearing tissue on one side of the 
neck as possible. The area of excision extends 
superiorly along the upper border of the lower 
jaw through the tail of the parotid to the 
mastoid; posteriorly, along the border of the 
trapezius muscle; inferiorly, across the top of 
the clavicle and manubrium; and anteriorly, 
up along the ribbon muscles to the hyoid and 
then across the midline to the opposite point 
of the chin. The block excised contains the 
subcutaneous fat and fascia, the platysma and 
sternomastoid muscles, internal jugular vein, 
submaxillary gland and part of the parotid, 
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and extends internally as far as the ribbon, 
scaleni, levator scapulae, trapezius, and mylo- 
hyoid muscles. The carotid arteries as well as 
the vagus and 12th nerves (though the ansa 
is removed) are left intact, and often the por- 
tion of the 11th nerve supplying the trapezius 
is not removed if involvement in that area is 
not expected (Fig. 8). 

Oxygen ether anesthesia is usually given 
through a Magill endotracheal tube with the 
connections carried up over the forehead and 
out of the way. The operation may be done 
under local anesthesia by means of a deep 
block of the 3rd division of the trigeminal 
nerve and a deep cervical block, but dissec- 
tions under general anesthesia may be more 
accurate, cleaner, and without apparent in- 
creased risk if the anesthetist is skilled and 
experienced in this type of work. 

The incisions are those that Crile used. The 
horizontal one extends from the mastoid to 
the opposite point of the chin, and passes 
about 3 centimeters below the angle of the 
jaw (Kocher incision). From the middle of 
this, a vertical incision extends downward to 
a little below the clavicle, approximately 


Fig. 1. 


Fig. 1. Complete unilateral dissection in a patient who 
had a carcinoma of the tongue and who remains well now 
after 9 years. The head movements are not limited in any 
way and he has continued with his work. Though the 
operation may seem quite extensive, convalescence is 
usually rapid so that the patients are usually out of bed on 


transecting the clavicular insertion of the 
sternomastoid muscle (Fig. 3). 

The skin flaps-are raised quite thin, with 
only a minimal amount of fat attached to 
them, and are reflected back. The whole side 
of the neck is exposed including the entire 
submental area. The flaps are held back with 
sutures or clips. The field should then be made 
completely dry before proceeding. Coagula- 
tion of small bleeding points with the surgical 
diathermy may expedite this process, but ne- 
cessitates care as to the anesthesia. Accurate 
clamping and ligation of large vessels are es- 
sential throughout the operation. 

An opening is next made at the anterior 
border of the sternomastoid muscle above the 
clavicle (Fig. 4); and the internal jugular vein, 
common carotid artery, and vagus nerve are 
exposed and identified. The sternomastoid 
muscle is detached from the sternum and clav- 
icle (Fig. 5), reflected up, and the internal 
jugular vein is divided about 1 inch above the 
clavicle by the use of 3 ligatures (No. 1 catgut) 
and cutting between the top and middle one. 
The lower end is allowed to retract down be- 
hind the clavicle and the lower end of the 


Fig. 2. 


the 2d or 3d day and leave the hospital on the roth day. 
Fig. 2. Bilateral upper neck dissection in a patient who 
had carcinoma of the lower lip and who remains well now 
after 16 years. This operation when indicated is accom- 
nied by a very low mortality and little subsequent de- 
ormity and produces a worthwhile percentage of cures. 
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carotid sheath is dissected free from the artery 
and the vagus and reflected upward with the 
muscle and vein for removal. 

The supraclavicular fat is then divided from 
the clavicle as far back as the trapezius and 
inward as far as the surface of the scaleni and 
levator scapulae muscles. During this process 
it is necessary to divide the omohyoid muscle 
where it disappears beneath the skin flaps lat- 
erally and to divide the external jugular and 
some of the transverse cervical vessels just 
above the clavicle. When it is desired to save 
the 11th nerve, particular care must be ob- 
served during this stage to avoid severing the 
lower end of it. The upper end of the omo- 
hyoid is then severed where it crosses the rib- 
bon muscles anteriorly; and the whole block 
containing the sternomastoid muscle, internal 
jugular vein, and contents of the supraclavicu- 
lar fossa is reflected upward (Fig. 6). From 
this point onward, an assistant maintains 
gentle traction upward on the block to be 
removed. 

The dissection is then continued upward on 
the surface of the scaleni, levator scapulae, 
and ribbon muscles, and the carotid sheath is 
stripped from the artery and the vagus nerve 
to the level of the hyoid bone.! Care is taken 
to identify the phrenic and 11th nerves and 
save them, though it is necessary to cut the 
sensory nerves emanating from the cervical 
plexus in the area. When the branch of the 
11th nerve supplying the sternomastoid muscle 
is reached, it is cut to avoid pulling up the 
main trunk with the block (Figs. 7, 8). The 
superior thyroid veins and other smaller tribu- 
taries of the internal jugular vein are divided 
and carefully ligated as they are reached. 

When the hyoid level is reached, the inci- 
sion through the subcutaneous fat and fascia 
is carried forward just above the hyoid and 
then upward to the opposite side of the chin. 
The digastric tendon is identified as a shining 
white structure between the submaxillary 
gland and the hyoid bone, attached to the 
upper surface of the latter (Fig. 7). The stylo- 
hyoid muscle is located alongside the posterior 
belly of the digastric, and subjacent to them 
is the r2th nerve. With care to avoid cutting 


1There may be a transitory drop in the blood pressure just after the 
sheath is removed from the region of the bifurcation. 
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the 12th nerve, the digastric and stylohyoid 
tendons are both cut loose from the hyoid bone 
and the digastric tendon is divided. The com- 
mon facial vein is divided and ligated close to 
the jugular; and these maneuvers free the 
‘upper end of the internal jugular; allow it to 
be rotated up out of the neck; and permit high 
ligation of the jugular bulb (almost up to the 
jugular foramen) and the cleaning out of the 
upper carotid sheath.’ 

The facial artery usually presents under the 
posterior belly of the digastric and is then 
ligated and divided, as is the occipital artery. 
Positive control of these vessels is necessary 
for success of the operation. Secondary hem- 
orrhage should not occur from them, but if it 
does, it is apt to be fatal. An assistant then 
continues to rotate the block up out of the 
neck and the dissection is continued upward 


Fig. 3. Incisions for complete unilateral dissection. The 
horizontal (Kocher) incision extends from the mastoid to 
the opposite side of the chin, passing 3 centimeters below 
the angle of the jaw. The vertical incision extends from the 
middle of it down over the clavicular insertion of the 
sternomastoid. 


2The advantages of sectioning and removing the digastric and stylo- 
hyoid muscles have been well described in the French literature, notably 
by Ducuing, Fabre and Gouzy. 
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plete hemostasis secured. 


tympani branch of the lingual nerve to the submaxillary gland is cut. 
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on the surface of the same muscles posteriorly 
and on the mylohyoid muscle anteriorly (Fig. 
9). The submental area is cleaned out com- 
pletely down to the muscles; if necessary the 
anterior belly of the digastric is included. This 
tissue is left attached to the main mass along 
the border of the jaw, and the periosteum of 
the lower one-third of the jaw is included if 
advisable because of location of the growth. 
The submaxillary gland is rotated up out of 
its fossa to the outside of the lower jaw, and 
the chorda tympani branch is cut to free it 
from the lingual nerve.! The submaxillary 
duct is then ligated and cut at the point where 
it pierces the mylohyoid muscle. The internal 
jugular bulb is triply ligated as high as pos- 
sible and divided so that two ties remain on 
the upper end (Fig. 10). 

The sternomastoid and digastric muscles 
are detached from the mastoid; and the entire 
block is then cut loose at the upper end. The 
line of division runs through the tail of the 
parotid and along the body of the lower jaw. 
The anterior facial vein and facial artery as 
well as several large vessels which are always 
present in the parotid are identified and ligated 
on the cheek (Fig. 11). 

If the maneuver of cutting the digastric and 
stylohyoid has been followed, the resected 
mass will be in one piece, shaped somewhat 
like an inverted “L,” with the involved nodes 
deep inside of it. It is thought that this tech- 
nique is definitely preferable to the one in 
which the lower and upper neck masses are 
removed in two pieces, with the incision be- 
tween them located in the worst place possible 
as far as exposure and contamination of the 
growth are concerned. 

The lower branch of the 7th nerve is not 
usually saved, but it can be by raising the 
platysma and parotid with the original upper 
skin flap. This is definitely not advisable in 
lip cancers and in most other instances, but 
can be done when the primary lesion is in the 
tongue and there are no enlarged nodes near 
the parotid. 

The entire bed is then made dry, and the 
wound may be irrigated with saline to wash 
out any loose particles of fat. Sulfonamide 


1[f too much traction is made on the gland, the lingual may be 
paralyzed with an annoying anesthesia of the tongue. 


Fig. 12. Wound irrigated and flaps closed. A rubber 
dam drain is put through the mastoid angle to the parotid 
area, and another through the chin angle to the submaxil- 
lary fossa. A third drain is put up through the clavicular 
angle to the carotid bifureation. After this, a large, firm 
pressure dressing is applied to eliminate dead spaces, pre- 
vent fluid accumulations, and to encourage early sealing 
down of the flaps. , 


powder may be lightly sprinkled over the sur- 
face, if desired, and the wounds are closed 
with a light rubber dam drain coming out of 
each of the three angles (Fig. 12). A large 
cotton waste pressure dressing is applied care- 
fully as it is thought to be an essential for 
successful healing, both for comfort and for 
prevention of infection by eliminating dead 
spaces and fluid accumulations. 

The endotracheal tube is removed and a 
Magill nasal airway tube is inserted so that its 
end is suspended just above the glottis. Both 
mouth and nasal suction may be used to keep 
the throat clean and the airways patent while 
the patient is awakening. Parenteral fluids 
may be necessary for a day or two, and large 
doses of morphine or other respiratory depres- 
sants are avoided. The postoperative course 
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Fig. 13. Bilateral upper neck dissection (only one side 
is shown in these drawings). Incision from one mastoid to 
the other, passing 3 centimeters below both angles of the 
lower jaw and crossing the midline just above the hyoid. 
The upper skin flap is raised quite thin to the level of the 
body of the jaw, and reflected upward on the face. The 
lower edge of the wound is undermined slightly and re- 
tracted downward over the carotid sheath. Subcutaneous 
fat is divided along the inferior margin of the field and 
the sternomastoid is retracted back to expose the carotid 
sheath just below the bifurcation. The external jugular 
vein is divided. 


is usually uneventful, with the patient up and 
about on the 2d or 3d day and discharged 
from the hospital in 8 to ro days. 


UPPER NECK DISSECTION 


In most situations in which an upper neck 
dissection is indicated, a bilateral one is re- 
quired. Kocher’s incision is used, extending 
from one mastoid process to the other and 
crossing the neck 3 centimeters below the 
angle of the jaw on each side and just above 
the hyoid in the center. The upper flap is 
raised quite thin, usually so that the hair fol- 
licles can be seen on its under surface, and the 
raising is continued until it can be reflected 
upward, exposing the body of the jaw all 
the way around. 

The external jugular vein is identified in the 
lower edge of the wound and ligated and di- 
vided. The lower edge of the wound is reflected 
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Fig. 14. The contents of the carotid sheath are dissected 
upward with the block; the internal jugular, carotids, and 
vagus are left clean and intact. The common facial vein 
and the facial and occipital arteries are divided. Twelfth 
nerve is seen and protected. Block is dissected upward 
from the surface of the stylohyoid and digastric, sterno- 
mastoid, and mylohyoid muscles. Submaxillary gland is 
rotated upward out of its fossa. Entire submental area 
above the hyoid is dissected. 


“Lingual art. 

Superior thyroid 

‘Ext. caroti art. 
“Int carotid ayt. 


downward and the carotid area is exposed 
at the anterior border of the sternomastoid 
muscle (Fig. 13). The tissue over the carotid 
is dissected free and reflected upward together 
with any attached fat and lymph nodes in the 
area. Dissection begins about 1 inch below 
the bifurcation of the carotid and continues as 
high as possible without exposing the jugular 
bulb.. In the process it is necessary to divide 
the superior thyroid veins, some of the lingual 
veins, the common facial vein and the facial 
artery, but the internal jugular is not cut. 
Care is taken to protect the 12th nerve where 
it crosses the carotids. 

The digastric tendon is next identified be- 
tween the submaxillary gland and the hyoid 
bone, but it is not cut. The superficial fat and 
fascia are divided down to the muscles, for- 
ward from the carotid sheath past the midline 
just above the hyoid, and backward and up- 
ward to the mastoid. The dissection is carried 
upward on the surface of the sternomastoid 
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and mylohyoid muscles and the mass is ro- 
tated up and out of the neck to the surface of 
the lower jaw (Fig. 14). The submaxillary 
gland is freed from the chorda tympani and 
from its duct. The entire mass is then cut 
free from the mastoid to the symphysis by 
going through the tail of the parotid and along 
the body of the lower jaw! (Fig. 15). The an- 
erior facial vein and facial artery are ligated 
where they cross the mandible, and any trou- 
blesome bleeders in the parotid are stopped. 
The same procedure is then carried out on the 
other side, and the entire cuff of tissue from 
one mastoid to the other may be removed in 
one piece. The wound may be irrigated and 
closed with one drain from each parotid region 
extending out each mastoid angle and another 
drain extending a short distance each way 
from the midline. The postoperative care and 
convalescence are about the same as for a com- 
plete neck dissection, and a large cotton waste 
pressure dressing is just as essential for healing. 
The resultant deformity is mainly noted be- 
cause of the lack of 7th nerve supply to the 
lower lip. 


SECONDARY AND COMBINED NECK 
DISSECTIONS 


The presence of crossed metastases makes 
the situation more difficult. When a patient 
presents enlarged nodes in both the upper and 
lower neck on one side and also in the upper 
neck on the opposite side, a complete unilat- 
eral dissection can be combined with an upper 
dissection on the other side. 

Occasionally, a patient who has had a com- 
plete unilateral neck dissection with or with- 
out an upper dissection on the opposite side, 
may later develop enlarged nodes in the lower 
neck on the opposite side. Complete dissec- 
tions have been done on the other side if a few 
such patients several months after the original 
operation. It is noteworthy that the venous 
return from the brain, following bilateral com- 
plete dissection, must be entirely through the 
vertebral veins, as both anterior, both exter- 
nal, and both internal jugular veins are divided 
in the operations. The only postoperative 
death in this small group was from a subdural 


‘If any of the metastatic masses are near the mandible, the perios- 
teum is split and removed with the specimen. 
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Fig. 15. After the submaxillary gland has been freed 
from its duct and the lingual nerve (chorda tympani 
branch), the block is removed by going forward from the 
mastoid through the tail of the parotid and along the body 
of the lower jaw. The periosteum from the lower % of the 
jaw can be included with the block if advisable. The block 
may be left attached in the midline while the dissection is 
being done on the other side so that it may be removed as 
a single cuff of tissue extending from one mastoid to the 
other. After the dissection is complete, the wound is irri- 
gated and the upper skin tlap is sutured down in place. 
One drain is placed in each mastoid angle, and a double 
one in the midline anteriorly extending to each submaxil- 
lary fossa. A large, firm pressure dressing is again neces- 

sary for good, quick healing. 


hematoma in a young woman, a factor indi- 
cating that the intracranial venous pressure 
must be raised considerably. Older patients 
have shown no eye ground changes or other 
evidences of increased pressure, but it is pos- 
sible that the rate of arterial flow to the brain 
has been less in them. 

At times, enlarged nodes may appear in the 
lower neck on one side in a patient who has 
had a bilateral upper dissection. A complete 
dissection can then be done, beginning at the 
clavicle and including the removal of the ster- 
nomastoid muscle, internal jugular vein, and 
carotid sheath, without the necessity of re- 
entering the submaxillary triangle. 

The combination of neck dissections with 
extensive mouth operations is avoided if pos- 
sible. Many primary lesions of the tongue, 
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floor of the mouth, fauces, and buccal mucosa 
can be treated with interstitial radon seeds 
satisfactorily when early and if there is no in- 
volvement of bone. However, in alveolar car- 
cinomas or any others in which the bone is 
involved by extension, radical cautery opera- 
tions are done, usually with a neck dissection 
on the same side. Care is taken in the dress- 
ings to try to prevent the drainage of saliva 
down into the neck in so far as possible. 

The combination of neck dissections and 
extensive mouth operations carries a higher 
mortality, and secondary neck dissections 
carry a somewhat higher mortality and poorer 
ultimate prognosis. However, when necessary 
and when there are no contraindications, each 
may salvage patients with an otherwise hope- 
less prognosis. 

When any of the neck nodes are fixed or 
inoperable, or in other unusual circumstances, 
interstitial implantation of radon seeds into 
the nodes and surrounding tissues can be done. 
They may be introduced preferably under 
direct surgical exposure, or blindly through 
the skin. External radiation can be used in 
inoperable cases for temporary respite, with- 
out much hope of ultimate cure. 


MORE RADICAL NECK DISSECTIONS 


Metastatic involvements of the neck requir- 
ing more radical procedures than those here 
described are usually classed as inoperable and 
treated as such, but with occasional excep- 
tions. Overlying involved skin segments have 
often been resected with the block. The com- 
mon, external, and internal carotid arteries 
were removed in one patient who had a mass 


completely surrounding the bifurcation; and 
he has remained well without recurrence for 
4 years. There were no complications; but ex- 
amination of the specimen showed that the 
tumor had compressed the common carotid; 
and it is well known that sudden ligation of 
the common or internal carotid may be fol- 
lowed by death or hemiplegia. One vagus 
nerve can be removed, without apparent seri- 
ous cardiac or pulmonary sequelae, but with 
unilateral vocal cord paralysis and consequent 
danger to the laryngeal airway. Removal of 
the 11th and 12th nerves results in a “shoulder 
drop” and thick indistinct speech, respec- 
tively; and the results of phrenic exeresis are 
well known. 
SUMMARY 

Radical neck dissections for metastatic car- 
cinoma offer the best chance for cure in many 
instances, provided the original lesion can be 
controlled. While anyone would like to avoid 
such procedures, the technique of the opera- 
tion should be preserved for the present, at 
least, in the therapy of carcinoma. 
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MALIGNANT TUMORS ARISING FROM THE SYNOVIAL 
MEMBRANE WITH REPORT OF FOUR CASES 
WILLIAM H. MORETZ, M.D., Rochester,, New York 


HERE is increasing interest in ma- 
lignant tumors arising from the syno- 
vial membrane although they are 
fairly uncommon. Little attention 
was paid to these tumors until the first part of 
the present century. The first work of im- 
portance on this group in this country was by 
L. W. Smith, in 1927, who reported 3 cases of 
such tumors. The next important contribu- 
tion on this group was by Knox who reported 
3 cases in 1934 (8) and reviewed the literature 
in 1936 (7). Coley and Pierson, Berger, 
Briggs and DeSanto and associates, re- 
ported other cases and contributed toward a 
better understanding of this group of tumors. 
The most recent review of the subject was by 
Lazarus and Marks who collected the 74 pre- 
viously reported cases and added 2 of their 
own. They did not include the 2 cases re- 
ported by Fisher in 1942. The 4 cases being 
reported here bring the total number of such 
tumors which have been reported up to 82. 

Various names have been applied to this 
group of tumors, including synovioma, syno- 
vial sarcoma, spindle cell sarcoma, perithe- 
lioma, villous angiofibroma, synovial sarco- 
endothelioma, myxosarcoma, and synovial 
sarcomesothelioma. 

Synovial tissue is encountered in the syno- 
vial membranes of joints, serous bursae, and 
tendon sheaths. It is generally agreed that 
synovial tissue arises from mesodermal tissue. 
Sabrazés conceives of it as being reticuloen- 
dothelial tissue while Berger favors the con- 
ception that it is a tissue sui generis being a 
part of the reticuloendothelial system in a 
broad sense. Since there is disagreement as to 
the origin of the synovial tissue there is con- 
fusion about the proper nomenclature. The 
term “malignant synovioma” seems fitting 
and very useful from the clinical standpoint 
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since it does have anatomical significance, and 
would separate this group of tumors from the 
benign tumors arising in the same locations. 

These tumors occur most frequently in 
subjects between 20 and 40 years of age, the 
youngest patient being 9 months old and the 
oldest patient being 75 years of age. About 
half occur about the knee joint. Other areas — 
commonly involved are the elbow, ankle, 
foot, thigh, and palm of hand. One of the 
cases being reported here occurred in the up- 
per arm, the first such case reported occurring 
in this region. Both sexes are about equally 
affected, 42 cases having been reported in 
males and 39 cases in females. 

Trauma has been reported in an appreciable 
percentage of these patients as having pre- 
ceded the tumor, but the relationship of 
trauma to the tumor growth is thought to be 
not more than incidental. They have been 
reported as occurring in areas which have 
previously been the site of chronic bursitis or 
synovitis. In about half of the patients, pain 
is a prominent symptom and in about one- 
third of the patients, pain is the initial symp- 
tom. About 95 per cent of the patients have 
a noticeable tumor mass, which is frequently 
tender. In some cases the swelling had been 
present for from 6 to 10 years before opera- 
tion, while in others the tumor mass had been 
present for only a few months. The original 
rate of growth is commonly very slow. 

Grossly, the tumors may be firm or soft. 
Some are well circumscribed and others are 
poorly delimited from the surrounding tissue. 
They are usually grayish white in cross sec- 
tion but may be reddish or bluish. They are 
usually very vascular and many contain small 
clefts and cystic areas which frequently are 
filled with clear viscid material. 

Microscopically, these tumors are differen- 
tiated into two types. The first type ap- 
parently arises from the outer, more dense 
layers of the synovial tissue and is usually 
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Fig. 1. Case 1. Photograph of the gross specimen after 
removal and partial dissection. The tumor can be seen 
in the region of the palm of the hand. 


indistinguishable from the common fibrosar- 
coma. The second type seems to arise more 
from the inner layer of the synovial tissue and 
is more epitheloid in character. It is this type 
which Fisher reports as synovial sarcome- 
sothelioma. A characteristic feature of this 
second type is the presence of clefts or spaces 
lined by cuboidal or polyhedral cells often re- 
sembling pavement epithelium. These clefts 
are scattered about between closely packed, 
spindle-shaped or ovoid cells. All of the 4 
cases reported here are of the second type. 
It is probable that there have been cases in 
this clinic of the former type which were 
simply called fibrosarcoma. Briggs believes 
this to be the case in the series he reported. 
The prognosis is very unfavorable. In the 
cases reviewed by Lazarus and Marks, 56.6 
per cent developed recurrence and metastases 
promptly and only 16 per cent of the 64 cases 


with follow-ups were living 5 years or more 
after operation. In this same group, 25 per 
cent died within the first year. The data are 
still insufficient for a correlation between the 
prognosis and the length of time the tumor 
had been present before operation. Several 
writers have suggested that those tumors con- 
sisting of closely packed cells with oval or 
round nuclei are more malignant than those 
with many multinucleated giant cells. Those 
containing well defined cleft-like spaces are 
thought to be intermediate in malignancy. 
Death is generally due to pulmonary metas- 
tases although cerebral metastases occur ex- 
ceptionally. 

DeSanto and associates recommend wide 
local excision for encapsulated and accessible 
tumors with subsequent radical amputation 
if sections indicate a high degree of malig- 
nancy or if recurrence follows. They recom- 
mend immediate radical amputation in’ all 
diffuse and inaccessible tumors, such as occur 
about the knee joint. Berger agrees with 
Sabrazés that immediate high amputation of 
the affected extremity is indicated since one 
frequently is forced to amputate later for 
recurrence. At the time of the subsequent 
amputation, it is usually too late. Briggs 
agrees in general with the treatment as out- 
lined above by DeSanto and associates. 
Ewing suggests that diagnosis should be made 
by aspiration and that the tumor be treated 
by external radiation to the limit of skin 
tolerance, followed by interstitial radium. He 
reserves resection and amputation as the last 
resort. However, proof is lacking that irradia- 
tion is beneficial. Our own cases are insuffi- 
cient to warrant any conclusions regarding the 
best method of treatment. However, we have 
tended to follow the more conservative 
method of treatment. One of the difficulties 
encountered in treating these patients is that, 
before operation, the diagnosis is seldom sus- 
pected and never certain. The diagnosis may 
be suspected from the location and gross ex- 
amination of the tumor but can be made only 
from the microscopic sections. The surgeon 
probably is not as radical in his excision of the 
tumor as he would be if he knew beforehand 
the diagnosis. If there is any doubt as to the 
completion of the excision at the original 
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operation, he should perform a really wide 
excision of the area without delay. Study of 
frozen sections of the tumor at time of re- 
moval may give enough information to one 
familiar with this gioup of tumors to enable 
the surgeon to continue with the more radical 
excision of the area at the first operation, or, 
if inaccessible, to proceed with the amputa- 
tion of the involved extremity. A radical 
local excision originally should decrease the 
chance of recurrence significantly. If, for any 
reason, this is not feasible or if there is re- 
currence, then amputation must be performed. 

Lewis reviewed the 16 cases reported by 
DeSanto and associates from the standpoint 
of the radiographic appearance of the tumor. 
Thirteen of these cases had x-ray pictures 
taken. A characteristic roentgenograph was 
present in 4 of these cases, and he concluded 
that a provisional diagnosis of synovioma 
could be made in about 25 per cent of these 
tumors. He points out that a rounded, some- 
times lobulated, sharply defined soft tissue 
tumor mass is seen which in itself is not 
diagnostic. But, he adds, when there is 
scattered and irregular deposit of amorphous 
lime in the mass, a provisional diagnosis of 
synovioma is justified. 

It is our purpose in this paper again to call to 
the attention of surgeons this group of highly 
malignant tumors which have to be treated 
with great respect and to report 4 additional 
cases of such tumors. These cases are pre- 
sented in some detail, since in some of the 
previously reported cases, there has been 
criticism of the lack of detailed information 
given in the case reports. 


CASE REPORTS 


-CasE 1. S.L., No. 159673, a 60 year old Italian 
woman, entered the Rochester Municipal Hospital 
on November 24, 1939. Three and one-half years 
before entry she first noted some tenderness and a 
small swelling on the dorsum of the 4th right 
metacarpal bone. This grew to about the size of a 
walnut and was removed surgically elsewhere. The 
diagnosis of spindle cell sarcoma was made and the 
patient received both x-ray and radium therapy at 
varying intervals following the operation. She got 
along quite well with only occasional pain in that 
hand, until about 6 months before her entry here 
when she first noted a small black spot on the palmar 
surface of the same hand. This grew continuously 
and was quite painful, particularly at night. During 


Fig. 2. Case 1. Low power (X38) and high power 
(X 270) photomicrographs of the microscopic sections made 
from the tumor. These show clearly the clefts which are a 
prominent feature and the 2 distinct types of cells of 
which this tumor is composed. 


the 2 weeks preceding her admission here the mass 
became ulcerated and bled on several occasions. No 
history of trauma was obtained. The past history 
was noncontributory except for hypertension for at 
least 3 years. 

Examination on admission revealed a well de- 
veloped and well nourished woman appearing 
chronically ill. Her blood pressure was 195/90, her 
pulse was 85, and her temperature was 36.5 degrees 
C. A systolic murmur was heard at the apex and 
was transmitted to the axilla; the area of cardiac 
dullness was somewhat increased. On the palmar 
aspect of the right hand overlying the 3d, 4th, and 
5th metacarpals, there was a dark reddish brown, 
firm but friable, mass with a broad base. The mass 
measured about 4 by 4 by 4 centimeters and was 
partially covered by dried blood. Scar tissue was 
present over the dorsum of the hand, and this region 
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Fig. 3. Case 2. Low power (X38) and high power 
(X 270) photomicrographs of the microscopic sections made 
from the tumor. The clefts are less prominent in these 
sections than in Case 1. Some of the clefts are filled with 
mucoid substance, as seen in the low power photomicro- 
graph. Two types of cells are seen here also, but less 
distinctly than in Case 1. 


was quite firm. There was diffuse thickening of the 
entire right hand. There were no palpably enlarged 
regional lymph nodes but there was a small firm 
node beneath each ear. The physical examination 
was otherwise essentially negative. A chest plate 
showed some enlargement of the heart to the left 
but showed no evidence of metastases to the lungs. 
X-ray film of the hand showed some generalized 
decalcification with almost complete destruction of 
the 4th metacarpal and partial destruction of the sth 
metacarpal bone. Under nitrous oxide-oxygen- and 
ether anesthesia, the hand was amputated 4 centi- 
meters proximal to the wrist joint. There was an 
uneventful convalescence. A photograph of the 
gross specimen is shown in Figure 1. As the speci- 
men was saved for a gross specimen, it was not com- 
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pletely dissected and its extent toward the dorsal 
surface is not known. It did seem to be invading 
between the fascial and muscle layers. The cut 
surface of the tumor was soft and grayish white with 
a solid fibrous appearance. 

Microscopically, the tumor mass is poorly en- 
capsulated and in some areas is poorly delimited 
from the surrounding connective tissue. There are 
strands of dense connective tissue which extend 
down into the tumor tissue and tend to separate 
the tumor tissue into lobules. Most of the tumor is 
composed of spindle shaped cells, many of which 
have slender protoplasmic processes extending from 
the ends of the cells. The tissue seems to be growing 
quite wildly and irregularly, but no definite mitotic 
figures are seen. A second distinct type of cell is seen. 
These cells are polygonal and darkly stained. They 
have larger nuclei which are darkly stained and 
tend to be more round or oval in shape. These cells 
are arranged in single or few rows about the many 
small and moderately large clefts which are scat- 
tered about within the tumor. The nuclei of the 
spindle shaped cells are more ovoid and narrow and 
less darkly stained than the nuclei of the polygonal 
cells. Some of the clefts which are seen appear to 
have been much larger at one time and to have been 
filled partially by papillary outgrowths of tumor 
tissue into the clefts. Focal areas of necrosis are 
seen. One section shows the tumor to be spreading 
between the flexor and adductor muscles of the sth 
finger. Figure 2 shows a high and a low power 
photomicrograph of this tumor. 

The patient was discharged from the hospital on 
December 9, 1939, and was last seen here on April 
17, 1940, at which time she was completely healed, 
asymptomatic, and showed no evidence of local 
recurrence or metastases. Personal communication 
with her local doctor revealed that the patient died 
a “few weeks” later with cardiac failure. At the 
time of her death, her local doctor reports that there 
were a few palpable lymph nodes in the axillae but 
that, as well as he could determine, there was no 
evidence of metastases to the lungs or elsewhere. No 
autopsy was obtained. 

CasE 2. A. W., No. 125228, a 52 year old married 
woman, entered the Strong Memorial Hospital on 
March 31, 1937, with the history of having had a 
small lump on the anterior surface of the left upper 
arm for several years (?15). She desired its removal 
because it had recently become tender. There was 
no recent increase in size or discharge from the lump. 
Examination showed a cherry-sized, fluctuant and 
slightly tender nodule just beneath the skin on the 
anterior aspect of the left upper arm. Before 
operation it was thought to be a sebaceous cyst. 
Under local anesthesia, the tumor was excised, no 
mention being made of its being connected to the 
muscle, fascia, or tendons in this region. The tumor 
measured 8 millimeters in diameter, appeared to be 
encapsulated, and was firm and yellowish gray. The 
central part of the tumor was cystic and cellular 
while about the periphery there were small islets of 
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yellow tissue which appeared xanthomatous. A 3 
millimeter long pedicle-like structure was present on 
one end of the tumor. 

Microscopically, the tumor is not well encap- 
sulated although it is sharply delimited from the 
surrounding connective tissue. It is composed of 
small and large masses of tumor cells, many of 
which are arranged as cords of cells and others of 
which are papillary in arrangement. Some of the 
papillary projections extend into cleft-like spaces 
which are intermingled one with the other. Between 
many of these groups of tumor cells there is mucoid 
connective tissue and a few areas of dense connective 
tissue. Some of the clefts are filled with the mucoid 
substance, others are empty and still others contain 
a colloid-like substance. The cords and papillary 
projections of tumor tissue are composed of large 
and small cells with small dark nuclei and with large, 
pale, vesicular nuclei which are oval, round, or ir- 
regularly shaped. The cell outlines are very indis- 
tinct, but some cells are suggestive of spindle cells 
while the cells about the periphery of the clefts are 
mostly smaller and more cuboidal. Mitoses are fre- 
quent (see Fig. 3). 


The patient was last seen here 6 days after the 


removal of the tumor, April 12, 1937, at which time 
the wound was well healed. Nothing is known re- 
garding her later course except that she died at home 
about 5 months later on August 23, 1937. 

CasE 3. F. A., No. 201373, a 65 year old married 
woman, was admitted to the Strong Memorial Hos- 
pital on February 22, 1943. Three years before 
entry she had fallen on her left knee causing a mild 
contusion. She suffered no other complaints in this 
region until 6 months later when she noted a small 
lump in this region which was neither discolored nor 
tender. This did not change noticeably until 7 
months before her entry here when she again fell 
upon her left knee. Since this fall, the lump has 
been discolored and has become more nodular. 
There was a prickling sensation at times in this 
region, but the mass was not tender nor painful. 
She noted no difficulty in walking. Examination of 
the patient revealed nothing of significance except 
for the local examination. No enlargement of the 
regional lymph nodes was found. Immediately 
below the left patella on the anterior aspect of the 
knee there was a 3 centimeter in diameter, irregu- 
larly shaped, firm, nodular mass. This was bluish 
and it seemed to be attached to the skin. It did not 
move freely over the underlying tissues. An x-ray 
examination of the chest showed no evidence of 
metastases. The laboratory findings were within 
normal limits. On the day following admission a 
local excision of the tumor with a fairly good margin 
of surrounding tissue was carried out, under general 
anesthesia. The dissection extended down to the 
fascia overlying the lateral muscles and to the 
patellar tendon and to the tibia. The tumor was 
composed of many solid and cystic nodular areas 
extending over an area of about 5 by 5 by 3 centi- 
meters. In the center of the mass there was a 2 
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Fig. 4. Case 3. These low power (X38) and high power 
(X270) photomicrographs show clearly the papillary ar- 
rangement of tumor cells with the cleft-like spaces scattered 
throughout the sections. The high power photomicro- 
graph demonstrates the rosette-like appearance caused by 
the — spaces being bordered by cuboidal to colum- 
nar cells. 


centimeter in diameter cystic area which at opera- 
tion was filled with “‘coffee ground-like” semifluid 
substance. The solid nodules were grayish yellow 
and cellular in appearance and quite firm in con- 
sistency. 

Microscopically the tumor was composed of 
lobulated masses of tumor cells. The lobules of 
tumor tissue were poorly encapsulated, but they 
were sharply delimited from the surrounding dense 
connective tissue. There were large and small cystic 
areas filled with colloid-like material some of which 
contained cholesterol clefts. Some of the cystic 
areas were filled with fresh hemorrhage and still 
others were filled with cellular débris. Smaller 
clefts were seen scattered about the tumor tissue 
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Fig. 5. Case 4. Photograph of amputated foot and 
— leg showing tumor on dorsomedial aspect of the 
ankle. 


into which papillary outgrowths of tumor tissue 
appeared to be growing. These clefts were bordered 
by slightly altered tumor cells which were lined up 
about the clefts in a very regular fashion, giving 
them an appearance similar to rosettes. The nuclei 
of.the tumor cells showed considerable variation in 
appearance. Some were large, pale, and vesicular, 
and others were small and pyknotic. Some were 
round and others were oval. A moderate number of 
mitoses were present. Most of the cell outlines were 
indistinct, but in some areas the cells had the ap- 
pearance of spindle cells and in other areas they had 
the appearance of polygonal cells. A few areas 
contained many large, foamy, xanthomatous cells. 
Myxomatous connective tissue was prominent in 
some areas of the tumor, but most of the stroma 
was composed of networks of fine fibrils (Fig. 4). 
The patient had an uneventful recovery and was 
discharged from the hospital on March 5, 1943. She 
has not been seen here since that time. (The ad- 
visability of having her leg amputated was dis- 
cussed with the patient, but she refused to have this 
done.) Communication with her family physician 
11 months after operation revealed that there was 
no evidence of local recurrence or of metastases. 
Case 4. H. C., No. 36638, a 12 year old girl, was 
admitted to the Strong Memorial Hospital on 
July 3, 1930. One year prior to this time she first 
noted soreness in her left foot. X-ray pictures taken 
about 1 month after the onset of symptoms showed 
some destruction behind the neck of the astragalus. 
Exploration was carried out at that time from the 
anterior surface, and the contents were curetted. 
From the curettings, the diagnosis of osteogenic 
sarcoma was made, and the patient was given x-ray 
therapy both in this city and in the Memorial Hos- 
pital in New York. After the wound had slowly 
healed, the patient could bear her full weight on 
this leg. She returned to school in the fall of 1929. 
On March 12, 1930, she suddenly developed pain, 
swelling, and tenderness over this foot. An x-ray 
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Fig. 6. Case 4. Photograph of a cross section of the 
upper part of the tibia and the lower part of the femur. 
The large tumor mass which had recurred in the stump of 
the tibia and the surrounding soft tissues is shown. 


film of the chest at this time was negative. On 
March 17, 1930, an x-ray film of the foot showed 
slight elevation of the periosteum over the neck of 
the astragalus. This region was again curetted and 
three small mulberry-sized calcified areas were ob- 
tained. In spite of heavy irradiation following re- 
moval of the calcified areas, the tumor continued 
to grow. The pain increased following irradiation. 
On May 5, 1930, the leg was amputated below the 
knee by a local surgeon (Fig. 5). She remained quite 
well after this until June 16, when a suspicious ap- 
pearing growth was noted in the stump. This be- 
came painful and the growth enlarged rapidly. The 
past and family histories are noncontributory. 
Physical examination revealed an alert girl who 
was suffering considerable pain. The general ex- 
amination was negative. Local examination re- 
vealed that the left leg had been amputated 4 inches 
below the knee joint. The stump was considerably 
enlarged, quite hot, and tender with many dilated 
vessels on its surface. The stump measured 14 
centimeters in its widest lateral diameter and 10 
centimeters in the anteroposterior diameter. There 
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was considerable tenderness about the bone up to 
the popliteal area, but there was no evidence of 
involvement of the femur. A mass of glands about 
8 by 7 centimeters in size was present in the left 
inguinal region overlying the junction of the saphe- 
nous with the deep venous system. The thigh was 
somewhat enlarged but was not tender. It was 
apparent that the tumor had recurred in the am- 
putated stump and that there were metastases in 
the groin. Roentgenograms of the femur, abdomen, 
and chest were not suggestive of metastases. Al- 
though very little hope was held for successful treat- 
ment, an operation was performed on July 5, 1930. 
Through an abdominal incision the iliac glands were 
removed by electrocoagulation. The inguinal lymph 
nodes were removed by the radio knife, and a mid- 
thigh amputation was done. Dissection of the 
stump after operation showed a soft grayish tumor 
mass about 7 centimeters in diameter involving the 
distal end of the tibia. A similar but smaller piece 
of tissue was found in the proximal part of the tibia 
(Fig. 6). 

Microscopic examination. Sections were not ob- 
tainable from the two curettages. Sections taken 
from the original lesion were obtained from the 
amputated foot. These show diffuse involvement 
of the soft tissues, periosteum, bone cortex, and 
bone marrow by tumor tissue. Large areas of 
necrosis and acute inflammation are present to such 
an extent that the architecture of the tumor tissue 
itself is partially obscured. Most of the tumor cells 
are small and closely packed together, but some are 
larger and more loosely arranged with mucoid ma- 
terial scattered about between the cells. The cell 
outlines are indistinct, but many of them are 
spindle shaped and have thin protoplasmic proc- 
esses extending out from them. Some clefts are 
present, but the cells lining these clefts are not 
different from the tumor cells elsewhere. Many 
mitoses are present. The nuclei are of various sizes 
and shapes with the majority of them being small 
and oval or round and hyperchromatic. In some 
areas the cells are arranged as cords of cells with 
strands of connective tissue separating the cords. 

Sections taken from the recurrent tumor in the 
stump, removed at operation on July 12, 1930, 
show similar tumor cells invading the bone and soft 
tissues. The tumor cells are slightly more distinct 
here than in the former sections. These sections 
show more definite cord-like arrangements in many 
areas and there are more clefts present. Many of 
the cells are spindle shaped, but some are oval and 
polyhedral. The nuclei are conspicuous and there 
are many mitoses. Both the iliac and the inguinal 
lymph nodes contain tumor tissue with the tumor 
cells being in very intimate contact with the stroma 
of the lymph nodes (Fig. 7). 

The patient had a rather uneventful convalescence 
and the wounds healed by primary union. She was 
discharged from the hospital on July 19, 1930, 2 
weeks after the operation. She was followed closely 
until her death on September 19, 1930. After dis- 


Fig. 7. Case 4. Low power (X38) and high power 
(X270) photomicrographs of the sections made from the 
recurrent tumor in the stump of the tibia. The appear- 
ance is similar to that of the 3 former cases. 


charge from the hospital, she rapidly developed 
symptoms of pleural irritation with cough, cyanosis, 
and pain. A large mass became palpable in the 
right upper quadrant of the abdomen and this was 
thought to be metastases in the abdominal lymph 
nodes. No autopsy was permitted, but it was our 
opinion that the patient certainly had metastases 
to the pleura and abdominal lymph nodes. 


The question may legitimately be raised as 
to whether or not this last case belongs in this 
group. Some pathologists were of the opinion 
that this represented a primary endothelioma 
of the bone which subsequently spread to the 


- surrounding soft tissues. However, the micro- 


scopic sections were reviewed by the members 
of the Registry of Bone Tumors and their 
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SUMMARY OF THE FOUR REPORTED CASES 


Preoperative 
diagnosis 


History of 


trauma End-results 


Location Symptoms 


Treatment | 


None Tumor and pain for | Sarcoma 


years 


Amputation after 
local excision and 
irradiation 


Dorsum and 


Died 5 mos. after amputa- 
palm of hand hep 


tion without evidence of 
spread. Died of “heart 
failure” 


Anterior surface 


Nodule for about 15 | Sebaceous cyst Local excision | Died 5 mos. later 
of upper arm 


yrs. Slightly tender | 


recently 


Tumor mass for 3 
yrs. with pricklin 
sensation but wit 
out pain 


Knee, outside of 
joint 


| Well without recurrence 
| 41 mos. after operation 


| 


Sarcoma Local excision 


About left 
astragalus for 1 month. No 


mass seen at first 


Soreness in left foot 


Curettage twice. Ir- 
radiation. Ampu- 
tation twice (Mid- 
calf and later mid- 
thigh with resection 
of inguinal and iliac 
lymph nodes). | 


Malignant bone 
tumor 


Died 15 mos after onset 
of symptoms with evi- 
dence of metastases to 
abdominal nodes and to 
the pleura. No autopsy 
obtained 


impression was that this represented a 
synovial sarcoma which had secondarily in- 
vaded the bone. 


SUMMARY AND CONCLUSIONS 


A brief review of the malignant tumors 
arising from synovial tissue is presented. The 
suggestion is made that this type of tumor 
may profitably be designated as “malignant 
synovioma.” 

The gross and microscopic characteristics 
are presented briefly together with the sug- 
gested difference in malignancy as indicated 
by the microscopic appearance of the tumor. 

The unfavorable prognosis is emphasized. 
The ineffectiveness of the present treatment 
is evident. It is suggested that immediate 
frozen section of tumor while patient is under- 
going operation may give sufficient informa- 
tion to enable the surgeon to continue with a 
more radical local excision or amputation at 
that time. This should improve the prognosis 
considerably. 

Amputation is recommended unless really 
wide local excision is feasible or if there is a 
recurrence of the tumor. 


Four case histories are presented bringing 
the number of reported cases of malignant 
synovioma to 82. Of these 4 cases, 3 are now 
dead and 1 is living and well, without evi- 
dence of recurrence, 11 months after local 
excision. Two of those who died did so within 
too short a time after removal of the tumor to 
be able to tell whether or not they would 
have had recurrence or metastasis; one pa- 
tient died with evidence of distant metastases 
after having nad local recurrences and regional 
metastases. 
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THE USE OF DISCONTINUITY OF STRENGTH DURATION 
CURVES IN MUSCLE IN DIAGNOSIS OF PERIPHERAL 
NERVE LESIONS 


LEWIS J. POLLOCK, M.D., JAMES G. GOLSETH, M.D., and ALEX J. ARIEFF, M.D., 
Chicago, Illinois 


a tissue has been extensively studied. 

Curves obtained from such data have 
been used as indicators of severity ‘of pe- 
ripheral nerve lesions. Special attention has 
been focused upon that time constant desig- 
nated as chronaxie (i.e., the current duration 
at which the threshold strength of the current 
is doubled). 

Adrian observed that curves obtained by 
plotting the relation between strength and 
duration of current necessary to excite muscle 
during degeneration and regeneration of its 
nerve supply are complex and that “these 
complex curves are found in every case which 
does not give either the simple curve with the 
short chronaxie, typical of intact muscle 
(.co05 sec. or less) or else the simple curve 
with the long chronaxie of denervated muscle, 
(.o0o8 sec. or more).’’ As will later be seen, 
such complex curves permitted the recogni- 
tion of the existence of function of nerve dur- 
ing a period of degeneration and its return 
with regeneration. This observation has been 
ignored in subsequent studies in electrodiag- 
nosis. Tower said that “although Adrian is 
alone in describing discontinuity of strength- 
duration function after denervation, he is also 
apparently alone in making the repeated ex- 
amination of full function which will demon- 
strate it.” 

We wish to recall Adrian’s observation and 
demonstrate its usefulness in electrodiagnosis. 

The existence of multiple excitabilities of 
normal nerve-muscle complex was demon- 
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in this paper was done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific 
Research and Development and Northwestern University.) 

Read at the meeting of the American Neurological Association 
May 20, 1944. 


HE relation between strength and 
duration of current needed to excite 


strated by Keith Lucas. Using his fluid elec- 
trodes, he found that the non-neural region of 
a frog’s sartorius gave a simple curve with a 
“chronaxie” of .003 second. He called this 
the alpha curve and regarded it as characteris- 
tic of the muscle fiber. In the neural region of 
the muscle he obtained complex curves, dou- 
ble or even triple in form. One of these com- 
plex curves had the same form as the alpha 
curve and of the other two, one gamma had 
the same constants as the curve obtained from 
the nerve trunk (“chronaxie” about .0005 
sec.). Lapicque (9), however, had found a 
chronaxie of about .0002 to .co05 second for var- 
ious skeletal muscles. This discrepancy be- 
tween the results has been explained by the 
work of Jinnaka and Azuma and H. Davis 
who showed that the area of the stimulating 
electrode plays an important part in determin- 
ing the “chronaxie.” Davis found that a small 
electrode such as pores from 3 microns up to 
75 microns in diameter or the contact of a 
metal wire, gives short “chronaxies” from 
0.0002 second to 0.0005 second, while fluid 
electrodes of the Lucas type give chronaxies 
up to 0.02 second. 

Rushton (13) confirmed the observation 
that when a muscle is excited through large 
liquid electrodes it may exhibit at least two 
excitabilities, characterized by very different 
time relations. He identified the gamma ex- 
citability as related to the intramuscular nerve 
twigs. He likewise showed that when using 
large fluid electrodes, especially when the 
cathode falls at the extremity of the muscle, 
a strength-duration curve may be obtained 
whose time relations are much longer than 
that of the nerve. The curve is called alpha 
(after Lucas) (11). This, Rushton identified as 
due to muscle fibers themselves. When both 
alpha and gamma excitabilities would be dem- 
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onstrated in a strength duration curve, it 
showed a kink (called discontinuity by Adri- 
an). It consisted of gamma at short durations 
and alpha at long durations. He also showed 
that when condenser discharges are used as 
stimuli, the strength capacity curves also 
showed alpha and gamma portions, but the 
kinks are generally not so obvious as in the 
case of brief constant currents (14). It should 
follow that when nerve fibers are completely 
degenerated gamma excitability could not be 
shown in a strength duration curve, no matter 
what the size of the electrode would be. 
Watts, in studying strength duration curves 
of the denervated’muscles of the frog, found 
that the alpha curve remains practically the 
same throughout the muscle during degenera- 
tion of the nerve but does not insist that the 
“chronaxie” of the muscle remains absolutely 
unchanged, after degeneration of its nerve. 
Thus, he says, “The great increase in the 
‘chronaxie’ observed in human subjects after 
denervation is due, not to any alteration in the 
time constants of the muscle fibers, but merely 
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to the point of incidence of the stimulus shift- 
ing from nerve to muscle.” He also noted that 
the beta curve (attributable to the myoneural 
junction) is not obtained after denervation. 
Furthermore, the curves illustrating his article 


’ show no other discontinuity when the muscle 


was denervated. 

We may now return to the work of Adrian. 
He showed that when in the human the nerve 
degenerates, the chronaxie falls from .0003 to 
.o12 second, in a case of sciatic nerve section; 
and from .00024 to .orosecond in a case of facial 
palsy. In studying the manner in which the 
rapid curve is transformed into the slow one, 
he showed that soon after a facial palsy and in 
cases of anterior poliomyelitis, with incom- 
plete paralysis, the strength duration curves 
were complex. “They are made up of a steep, 
sharply bent curve when the current strength 
is high and the duration short and a slower and 
more gradual curve when the duration is long- 
er, and the strength less. The time constants 
of these two components of the curve are 
found to agree very closely with the average 
values for muscle with intact and with de- 
generated nerve supply.” 

He then concludes that there is no gradual 
transition from the rapid to the slow curve as 
the nerve degenerates; instead of this, we have 
a period in which both curves are found to- 
gether and the transition consists in one curve 
becoming more and more prominent to the 
ultimate exclusion of the other; this he beauti- 
fully illustrates by duration strength curves in 
a case of facial palsy from the 3d to the 6oth 
day after paralysis. On the 12th day a double 
curve is obtained, the discontinuity occurring 
when the voltage strength is 20 times the 
rheobase value. On the 15th day, the rapid 
curve has been almost entirely replaced by the 
slow, but it is still possible to detect a break 
in the curve at a voltage strength of 55 times 
the rheobase value, and, with greater strength 
than this, the curve isof the rapid type. On the 
16th day no discontinuity can be found and 
the curve is of the slow type throughout. At 
the 33d day the rapid curve reappears at a 
voltage strength of 50 times the rheobase 
value—after the 33d day the rapid part of the 
curve appears at weaker and weaker voltage 
strengths and eventually it completely re- 
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places the slow curve about 60 days after on- 
set of the paralysis (Fig. 1). The appearance 
of the rapid curve antedated a diminution of 
the chronaxie of the slow curve by 12 days. 
He explained the observations as follows: 
“When the nerve is intact the current which 
is just strong enough to cause contraction 
takes effect on the rapid mechanism alone, as 
the nerve degenerates, the rapid mechanism 
needs stronger and stronger currents to excite 
it, and at weak strengths and long duration 
the slow mechanism comes into play. Eventu- 
ally the rapid mechanism becomes completely 
inexcitable, and the current takes effect on the 
slow mechanism alone.” With regeneration 
the process is reversed. He identified the 
rapid mechanism with the nerve fiber and the 
slow mechanism with the muscle fiber. 
Having thus beautifully demonstrated a 
method for discovering the persistence of func- 
tional nerve fibers during the early part of 
degeneration and their recovery throughout 
regeneration, he nevertheless concluded that 
little was to be gained by the use of such 
elaborate methods in electrodiagnosis. He 
was led to this conclusion as he believed that 
presence or absence of excitable nerve fibers 
could be detected by ordinary faradic coil. 
“When the nerve has degenerated, the farad- 
ic current becomes ineffective, since it is too 
rapid to excite the muscle fibers. As soon as 
this state of affairs is reached, electrical meth- 
ods cease to give any indication of the condi- 
tion of the nerve at the seat of injury.” 
This conclusion we believe to be fallacious. 
First, in the experimental animal (the cat), 
excitation by faradic stimulation persists 
throughout the period of denervation and re- 
generation, both when the stimulus is applied 
percutaneously and on the exposed muscle. 
In man, exposed muscle continues to contract 
when stimulated by faradic current and if the 
necessary strength of current were bearable it 
probably would produce, and has been found 
to produce, contractions percutaneously. Sec- 
ond, many cases show motor recovery long 
before percutaneous faradic stimulation pro- 
duces contraction. Third, in spontaneously 
recovering lesions, destined to recover in a 
period of time less than that which would be 
required were the part of the nerve distal to 


Fig. 2. Oscillogram of the constant current impulse of 
.0005 second duration. 


the injury completely degenerated, failure to 
respond to faradic stimulus is common. 


METHOD 


Various devices have been used to produce 
stimuli of variable short durations. Some have 
been mechanical devices, to close and open a 
circuit carrying direct current. Among these 
may be mentioned Keith Lucas’ pendulum 
and spring rheotome, Lapicque’s (10) chronax- 
imeter, and Sachs’ and Malone’s (15) chrono- 
myometer. 

More frequently, the variations in time 
necessary for the discharge of condensers of 
varying capacitance through resistance cir- 
cuits have been used to limit the time of | 
stimulus. 

Finally, electronic devices delivering square 
waves of direct current of variable durations 
have been used (Bouwens). 

The objections to the use of mechanically 
interrupted direct currents are: (1) they are 
not accurately timed; (2) the contacts are not 
always certain in operation; (3) changes in 
tissue impedance and the presence of capaci- 
tive or inductive reactance preclude the possi- 
bility of obtaining true square waves (truly 
constant current impulses); and (4) it is not 
possible to measure accurately the magnitude 
of the current which flows. 

The objections to the use of condenser dis- 
charges are (1) that the current is sustained 
but for a fraction of the time necessary to dis- 


ifs. 
| 
5 
> 
7 
> 
> 


w 
a 


G 


G 

oO 

| 
3. 
=e 


d | L 1 
DURATION of CONSTANT CURRENT IMPULSE in MILLISECONDS 
Logarithmic scale) 


THRESHOLD CURRENT in 
D.C.MILLIAMPERES 
2 


Fig. 3. Strength-duration curve of the gastrocnemius 
muscle in the normal cat. 


charge and (2) that in most circuits usually 
conforming to Bourguigonon’s circuit the am- 
perage through the tissues cannot be meas- 
ured. 

By the use of various types of vacuum tubes 
in circuits it is possible to maintain a constant 
flow of current regardless of the variations of 
voltage across the tissue; or to put it differ- 
ently, there can be provided a current of rec- 
tangular wave shape irrespective of the nature 
of the electrical impedance of the tissue to 
which the current is applied. 

In a high vacuum pentode the emission of 
electrons is produced by heating the cathode. 
The flow of these electrons from the cathode 
to the plate is controlled by the operating volt- 
ages which are applied to the various grids 
within the pentode. As long as the voltage 
applied to the plate is kept above a certain 
minimum, the plate current is practically in- 
dependent of the plate voltage. 

The latter fact permits the tube to send 
through a circuit containing changeable im- 
pedance, such as biological tissue, a definite 
predetermined, constant, unidirectional cur- 
rent. The impedance may contain capacitance 
or changeable resistance which can vary from 
© to 10,000 ohms without changing the value 
of the current which is being sent through the 
circuit. 

It should be clearly stated that the phe- 
nomenon of polarization has absolutely no 
effect on the predetermined and readily con- 
trollable value of current which is passed from 
the plate of the pentode tube through the 
specimen. 

In 1936, Conrad, Haggard, and Teare de- 
scribed an apparatus for producing a current 
of rectangular wave shape, the intensity and 


SURGERY, GYNECOLOGY AND OBSTETRICS 


a 

48 

33 Chronaxie = 0.260 milliseconds 

4 24 

93 

10 100 
DURATION of CONSTANT CURRENT IMPULSE in MILLISECONDS 


( Logarithmic scale) 


Fig. 4. Strength-duration curve of the flexor sublimis 
digitorum in normal man. 


duration of which could be accurately con- 
trolled and measured. 

The duration of the impulse was controlled 
by two gas-filled triodes, one of which served 
to initiate the flow of current while the second 
served to stop it. A constant flow of current 
through the tissue was maintained by a pen- 
tode operated on the saturated portion of its 
characteristic. 

METHOD 

For this study an apparatus was devised (7) 
which in principle is similar to the one de- 
scribed by Conrad, Haggard, and Teare but 
which differs in that it is entirely alternating 
current operated. It has the further advantage 
of permitting us to reproduce the wave form 
irrespective of the time interval between 
stimuli. With this apparatus, we are able to 
obtain an impulse of rectangular wave shape 
lasting for as short an interval as 30 micro- 
seconds (Fig. 2). Thirty-three different time 
intervals, selected to conform to a loga- 
rithmic scale were made available. They 
ranged from periods as long as 2 seconds to one 
as short as 30 microseconds. 

The material consisted of cats in which a 
section and immediate suture of the sciatic or 
peroneal nerve was done, and animals in which 
after a long segment of the sciatic nerve was 
removed, the proximal stump was injected 
with alcohol to discourage regeneration. 

Before the examination, the site over which 
the electrodes were to be placed was vigorous- 
ly rubbed with electrode jelly to minimize 
cutaneous resistance; the indifferent electrode, 
measuring 2 centimeters in diameter, was 
placed over the lateral portion of the Achilles 
tendon. The exploring electrode, the cathode, 
measuring 1.5 centimeters in diameter, was 
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Fig. 5. Capacitance-strength curves of degenerating, denervated and recovering 


gastrocnemius muscle of the cat. 


placed in the middle and lower part of the 
popliteal fossa. The electrodes, which were 
circular, were constructed of copper and cov- 
ered with chamois; they were immersed in salt 
solution for 15 minutes prior to use and then 
covered with electrode jelly. ~ 

The rheobase was determined by finding the 
threshold value of current when the impulse. 
lasted 1 second. Then threshold values of cur- 
rent were found for successively shorter dura- 
tions of the impulse. By shunting the speci- 
men out of the circuit, it was possible to ob- 
serve the amperage in a suitable milliameter, 
as much time as was necessary being used, 
painful unbearable stimuli and severe polari- 
zation changes being avoided. 


RESULTS 


Since we will describe strength-duration 
curves from data obtained both from the cat 
and man, we wish first to illustrate such curves 
from the normal gastrocnemius muscle in the 
cat and the flexor sublimus digitorum in man 
(Figs. 3 and 4). In both instances the curve is 
a continuous one. In the case of the cat the 
chronaxie was 0.00014 second, in the case of 
man, 0.00021 second. 

The changes from normal of strength-dura- 
tion curves during degeneration, denervation, 
and regeneration consist of (1) changes in 
threshold current at various durations, (2) 
changes in chronaxies, and (3) discontinuities 
in the curve. 


In this study attention is directed especially 
to the discontinuities, and some reference only 
will be made to the chronaxie and threshold 
current. 
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Fig. 6. Discontinuities in strength-duration curves of 
the degenerating gastrocnemius muscle in the cat. a, 
above, Three discontinuities. b, Two discontinuities. 
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Fig. 7. Strength-duration curve of the gastrocnemius 
muscle of the cat, 160 days after denervation. 


After section of a nerve, as degeneration 
progresses, at first threshold amperage in- 
creases at all durations, relatively less at dura- 
tions longer than o.o10 second and very steeply 
for those of shorter-durations. 

When the muscle is denervated, the thresh- 
old amperage for durations shorter than 0.020 
second is even larger, but for longer durations, 
the threshold amperage is less than in the 
normal. As regeneration begins and progresses 
the threshold amperage diminishes more mark- 
edly at the shorter durations than at the long- 
er ones. This is illustrated in a graph derived 
from data obtained from examinations by con- 
denser discharges, showing the voltage-capaci- 
tance curves of the normal, denervated, and 
recovering gastrocnemius muscle (Fig. 5). 

The changes in chronaxie have been amply 
described in the literature and we will refer 
only to such changes as may relate to our dis- 
cussion of discontinuities in the curve. 

During the state of degeneration from the 
earliest date after section and suture at which 
we have examined animals (6 days) discon- 
tinuity in the curve can be demonstrated. At 
times several discontinuities, usually 3 (Fig. 
6a), at times but 2 (Fig. 6b) may be seen. 

During the period when the muscle is com- 
pletely denervated the curve is continuous, as 
may be seen in the curve illustrated by Figure 
7 obtained from a gastrocnemius muscle 160 
days after denervation. 

When regeneration has progressed to the 
point of neurotization of muscle, discontinui- 
ties again appear, as may be shown in the 


SURGERY, GYNECOLOGY AND OBSTETRICS 


oa 


60 DAYS after GRAFT 


| 
~ | 
ne 


o 


& 


N73 DAYS after GRAFT IMPLANTATION 


| chronaxie=74 millisec. 


THRESHOLD CURRENT in D.C. MILLIAMPERES 


1 10 100 1000 
DURATION of CONSTANT CURRENT IMPULSE 
in MILLISECONDS (Logarithmic scale) 


Fig. 8. The change from the continuous strength-dura- 
tion curve during the state of denervation, a, above, to a 
discontinuous one at recovery, b, after nerve graft in the 
cat. 


change from a continuous curve during the 
denervated state of a muscle, 60 days after a 
homogenous graft 4 centimeters long had been 
placed between the proximal and distal ends 
of a sciatic nerve (Fig. 8a) to a discontinuous 
one 13 days later (Fig. 8b). The chronaxie 
was longer at the 73d day where the discon- 
tinuity of the curve indicated recovery (0.074 
sec.) than at the 6oth day (0.050 sec.). That 
recovery was occurring was confirmed by ex- 
amination by progressive currents of long du- 
ration. Such discontinuities are even more 
apparent in man. This is well illustrated by 
the strength duration curves of 3 cases of 
paralysis of the 7th nerve (Fig. 9 a,b,c). Fig- 
ure gc represents the graph from data ob- 
tained from a patient who has the slightest 
return of active motion 1 year after a gunshot 
wound; in the other two no motion has been 
observed. In one (Fig. gb) the recovery is 
beginning too soon after onset, 42 days, for 
the lesion to have been complete. 

During denervation the curve is continuous, 
as is the case in Figure roa, illustrating the 
strength-duration curve in a man who sus- 
tained a gunshot wound of the peroneal nerve 
48 days prior to examination. The lesion, 
however, was spontaneously recoverable and 
a discontinuous curve appears at the 55th day 
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Fig. 9. Strength-duration curves during recovery from facial palsy, in man, 


showing discontinuities. 


after the injury (Fig. rob). The chronaxie at 
the 48th day when the curve was continuous 
was 0.040 second and when discontinuity of 
the curve indicated recovery at the 55th day, 
it was 0.042 second. 

With others (12) we have shown that one 
of the characteristics of regenerating muscle is 
that with progressive currents of long dura- 
tion, long before voluntary motion returns, a 
greater and greater amount of current is nec- 
essary for adequate stimulus, when the dura- 
tion of the wave is longer and longer. 

On the other hand, during denervation it 
will require practically the same amount of 
current for adequate stimulus, when the dura- 
tion of the progressive current is 1 or 4 seconds. 

During the period of degeneration no great 
increase of current is necessary for adequate 
stimulus at long duration. 

Combining the examination by progressive 
currents of long duration with strength dura- 


tion curves one can tell if a muscle is degener- 
ating or recovering. When a muscle is de- 
generating, the strength duration curve is dis- 
continuous; but with progressive currents of 
long duration, the threshold amperage need 
not be very large; on the other hand, when a 
nerve is recovering and a discontinuous curve 
is present, the threshold amperage is very high 
for stimulus by progressive currents of long 
duration. 

Most important is the observation that 
when a nerve has been but partially injured, 
sufficient to produce paralysis but not severely 
enough to produce Wallerian degeneration 
throughout the part distal to the injury, the 
strength-duration curve is discontinuous, but 
no great increase of amperage is necessary to 
produce adequate stimulus with progressive 
currents of long duration. Therefore when a 
sufficient time has elapsed after injury to a 
nerve to have produced the condition of de- 
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Fig. 10. The change from the continuous strength-dura- 
tion curve during the state of denervation, a, above, to a 
discontinuous one at recovery; b, after gunshot wound of 
the peroneal nerve in man. 


nervation, were the nerve severed or severely 
injured, and a ‘discontinuous strength-dura- 
tion curve found but no great increase of cur- 
rent necessary for adequate stimulus with 
progressive currents of long duration, one may 
with certainty say that the nerve is but par- 
tially injured. 

In Figure 11 is illustrated the strength- 
duration curve of a man whose peroneal nerve 
was injured by a stab wound 250 days before. 
The discontinuity of the nerve is indicative of 
recovery. The threshold amperage with a pro- 
gressive current of one second duration was 
10 milliamperes and no contraction appeared 
at 22 milliamperes with a progressive current 
of 4 seconds’ duration. Contrasted to this is 
the case illustrated in Figure 9a of a facial 
palsy spontaneously recovering 100 days after 
onset. In this case, the threshold amperage for 
stimulus with progressive current of 1 second 
duration was 4.5 milliamperes, with 1 of 4 
seconds’ duration, only 5 milliamperes. At 
times the threshold amperage for currents as 
long as 4 seconds may be somewhat higher, 10 
to 12 milliamperes, but very high threshold 
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Fig. 11. Discontinuity in the strength-duration curve of 
the tibialis anticus, 250 days after stab wound of the 
peroneal nerve in man. 
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amperage, as more than 20 milliamperes, is 
not observed. 


DISCUSSION 


Although discontinuities of strength-dura- 
tion curves indicative of stimulus characteris- 
tics of muscle and nerve have been demon- 
strated in the normal frog nerve-muscle com- 
plex by the use of large fluid electrodes, they 
do not appear in the normal mammalian 
nerve-muscle complex of cat or man when 
stimulation is effected through electrodes or- 
dinarily employed. 

We have been able to confirm Adrian’s ob- 
servation that during the period of degenera- 
tion before the muscle is completely denervat- 
ed, discontinuities in the strength-duration 
curve appear. Furthermore, they disappear 
and the curve becomes a continuous one, but 
one characteristic of the alpha portion of the 
curve representing the stimulus characteristic 
of muscle, when the muscle is completely de- 
nervated. Moreover, a discontinuity reap- 
pears when neurotization occurs and the stim- 
ulus characteristics of both gamma, at short 
durations and greater strength, amd alpha, at 
longer durations and lesser strength, are pres- 
ent. 


When neurotization is indicated by the re-. 


appearance of discontinuities in the strength- 


duration curve, the chronaxie may remain 
unchanged from that observed when the state 
of complete denervation of a muscle was re- 
flected by a continuous strength-duration 
curve, characteristic of the alpha portion of 
the curve. In such cases the successful neurot- 
ization of muscle was confirmed by examina- 
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tion by stimuli by progressive currents of long 
duration. 

A very high threshold amperage for stimula- 
tion by progressive currents of long duration 
is characteristic of recovering nerve-muscle 
complex. On the other hand, although some- 
what increased, the threshold amperage in the 
case of degenerating and partial lesions is not 
great. 

When, therefore, a discontinuous strength- 
duration curve is seen and no great increase of 
threshold amperage for stimuli by progressive 
currents of long duration is necessary, provid- 
ed that sufficient time has elapsed from the 
time of injury to have produced denervation, 
were a nerve severely injured or sectioned, 
then we can with certainty say that the nerve 
is not sectioned and is spontaneously recover- 
able. On the other hand, if the threshold 
amperage for progressive currents of long du- 
ration is high, we can predict that a severely 
injured nerve is recovering. 

Reéently Doupe has questioned the accept- 
ed view that a kink in a strength-duration 
curve indicates two elements with different 
excitabilities. He suggests that such kinks 


may arise in some instances from two modes 
of response in the one element. 


Even in the normal muscle he found such a 
kink especially if the preparation had been 
cooled by immersion in water at 20 degrees 
Centigrade. He therefore concluded that the 
difference between the curves obtained from 
normal and from denervated muscle is more a 
matter of degree than of kind. 

As may have been seen from our data from 
experimental animals and men, discontinui- 
ties were not observed in denervated or nor- 
mal muscles. Furthermore, whatever may be 
the final conclusion as to whether the discon- 
tinuity represents the reaction of two tissues 
with different excitabilities or two modes of 
response of one tissue, discontinuities in 
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strength-duration curves are of diagnostic and 
prognostic value. 


CONCLUSIONS 


1. Discontinuity of strength-duration curves 
in degenerating and regenerating nerve-muscle 
complex have been found, confirming Adrian’s 
observation. 

2. During the state of denervation the 
strength-duration curve is continuous. 

3. The appearance of a discontinuity in a 
strength-duration curve when a continuous 
one indicative of denervation had formerly 
been present is a more accurate indication of 
recovery than a diminution of the chronaxie. 

4. By combining the results of stimulation 
by progressive currents of long duration with 
strength-duration curves, one may differen- 
tiate degenerating, recovering, and partial in- 
juries. 
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HE viability of an extremity is de- 
pendent upon the arterial blood 
which reaches it through its main 
arteries or through their branches 
which constitute the collateral circulation. 
Prognosis and results of therapy in peripheral 
vascular disease could be more accurately 
judged if a simple objective method were 
available for measuring the arterial flow 
through these two circulations. Most of the 
available physiological tests are clinically im- 
practicable. In searching for a practical pro- 
cedure, it occurred to one of us (BCS) about 
2 years ago that if radioactive sodium were in- 
jected intravenously at the antecubital fossa, 
its arrival in other parts of the body could be 
recorded by a Geiger-Mueller counter and 
thus circulation time from arm to any desired 
region obtained. Since there is constant inter- 
change of sodium between blood plasma and 
extravascular fluid, the amount of radioactive 
isotope will increase in any particular region 
until equilibrium is attained. This can be fol- 
lowed by the rate of response of the counter. 
The manner in which this equilibrium is built 
up may be related to the degree of pathological 
change in the vessels of the extremity. 

The problem was discussed with Professor 
John R. Dunning, of the department of phys- 
ics of Columbia University, and he kindly con- 
sented to provide the radioactive sodium from 
the cyclotron laboratory, and to lend a Geiger- 
Mueller counter for making the measurements. 
The authors are greatly indebted to several 
members of the cyclotron laboratory for their 
co-operation throughout the course of this 
work. 


From the Departments of Surgery and Radiological Research, 
College of Physicians and Surgeons, Columbia University, with 
the aid of a grant from the Lilla Babbit Hyde Foundation. 
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All patients investigated have had complete 
clinical examinations directed toward discov- 
ering the profundity of the pathological chang- 
es in their vascular systems. History and 
physical examination have been supplemented 
by various laboratory tests, radiographic and 
oscillometric studies, observation of local tem- 
perature response after peripheral nerve block, 
and re-examination during and after various 
treatments. In addition to normals, the fol- 
lowing types of case have been studied: arteri- 
osclerosis, with and without diabetes, periph- 
eral thrombosis and embolus, thromboangiitis 
obliterans, scleroderma, Raynaud’s disease, 
Raynaud’s syndrome, aneurysm, frostbite, im- 
mersion foot, and essential hypertension. At 
present only a few individuals have been ex- 
amined in each group, but the several series 
are being steadily increased. To date approxi- 
mately 60 patients have been studied. 

The results obtained have been definite, ob- 
jective, and uninfluenced by the observer, the 
environment, or the condition of the patient 
(except for his disease). Information ob- 
tained has supplemented clinical and labora- 
tory methods, yielding valuable data concern- 
ing the patency of the main and collateral cir- 
culation. In particular, preoperative studies 
of patients coming to amputation have been 
valuable in confirming clinical impressions of 
competency of main or collateral circulation 
to permit healing below the knee joint. Fur- 
ther studies are projected to aid diagnosis and 
check results of treatments. It is felt that a 
sufficient number of tests have now been 
made to set up standards for subsequent study, 
and to warrant the presentation of this pre- 
liminary report. A more detailed clinical 
study of illustrative cases is in preparation at 
the present time. 
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There have been no untoward local or sys- 
temic reactions to the use of the radioactive 
isotope. Many of the patients observed have 
been ambulatory, and have not required hos- 
pitalization for this study. 

The radioactive sodium is prepared in the 
cyclotron by bombarding sodium metaborate 
with deuterons. The metaborate containing 
the active atoms is dissolved in water, acidi- 
fied with hydrochloric acid, and treated with 
methyl alcohol. The resulting methyl borate 
and water are driven off by heating, leaving 
sodium chloride. This is dissolved in sterile 
distilled water to give the desired concentra- 
tion for injection, and autoclaved for an hour. 

The atoms of the radioactive isotope form a 
very small percentage of all the sodium atoms 
present. In 5 cubic centimeters of normal sa- 
line containing 200 microcuries (200uc) of 
radiosodium (which is more than is usually 
administered), fewer than 1 in ro million so- 
dium atoms are active; the rest are ordinary 
stable isotope. However, the ordinary and 
radioactive ones are indistinguishable and in- 
separable until the radioactive ones disinte- 
grate. In the instant of disintegrating, the 
radioactive atoms emit 6 particles and y rays, 
and become atoms of stable magnesium. The 
amount of magnesium thus formed is entirely 
too small to have any demonstrable effect, be- 
ing, for the quantities here cited, of the order 
of a millionth of a microgram. The radiation 
is detected by the Geiger-Mueller tube and 
the recording apparatus gives an audible click 
for every disintegration (or every 2, 4, 8, 16, 
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Fig. 1. Measuring apparatus; Geiger-Mueller counter in 
position against patient’s foot. 


or 32 disintegrations according to a scaling 
adjustment). The amount of radiation the 
patient’s body receives in the total disinte- 
gration of the amount under discussion is less 
than 1 roentgen. 

The experimental procedure which has been 
found most useful is as follows: The Geiger- 
Mueller tube is placed against the sole of the 
foot to which the circulation time is desired, 
as shown in Figure 1. The solution to be ad- 
ministered is carefully measured in a syringe, 
precautions being taken to assure that none 
is spilled anywhere in the room, and that none 
gets on the hands of the person making the in- 
jection, or handling the counter. The amount 
used varies from 50 to 300 microcuries of ra- 
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Seconds alter injection 
Fig. 2. Curves showing method of determining circulation time. Each type 
of symbol represents one case. Injection time 5 to 7 seconds. Arrows indicate 
point at which count rises definitely above background. 
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Counts per minute per 100 microcuries 


500 1000 1500 2000 


uw 


Minutes after injection 


wW 
(2) 


Fig. 3. Normals. Data showing build-up in counting 
rate at foot in period immediately following injection. Each 
type of symbol represents one individual. No difference 
ever observed between right and left foot. 


diosodium, depending on the length of time 
the test is to last, what blood studies are to be 
made, etc. It is contained in from 3 to 10 cubic 
centimeters of normal or nearly normal saline. 
While the syringe containing the material is 
held close to the site of the injection (usually 
an antecubital vein) the scaling device on the 
counter is adjusted so that 1 or 2 clicks are 
heard each 5 seconds. These are due to cosmic 
rays, and other background radiation, as well 
as to the effect of the radioactive material to 
be injected. The injection and the electric 


stop clock are started simultaneously, and 
counts are recorded every 5 seconds, the time 
of the end of the injection also being noted. 
(The injection is made as rapidly as feasible, 
through a No. 18—20 gauge needle.) 

When the material reaches the foot, the 
number of clicks per 5 seconds increases cefi- 
nitely and sharply, the 5 second counting is, 
however, carried on for about a minute longer, 
to be sure that no erratic background has been 
mistaken for the arrival of the material. Aiter 
this, counting is carried out minute by minute 
as the build-up to equilibrium proceeds. After 
10 or 15 minutes (or sometimes less) the count- 
er is shifted to the other foot. Subsequently 
measurements are made at various regions of 
the legs, arms, hands, etc., with frequent re- 
turn to the feet. 

The 5 second data may be plotted as shown 
in Figure 2 for the determination of arm-to- 
foot circulation time (or it can be estimated 
directly from the data). Circulation times 
have been determined in 45 individuals; the 
average value was 45 seconds, but the range 
was considerable. The highest was go seconds, 
in an elderly diabetic, arteriosclerotic woman 
who was fibrillating at the time of the test. 
The lowest was 15 seconds, in a young man 
with a pulse of 100, suffering from scleroderma. 
In 15 individuals considered to be normal as 
far as circulation was concerned, 12 fell be- 
tween 45 and 55 seconds, two were 60 and 
three 35 or 40 seconds. In 5 patients with 
thromboangiitis obliterans circulation times 
were all below 35 seconds. Seven arterioscler- 
otics showed a range between 30 and 80 sec- 
onds. There seems to be a correlation of the 
circulation time with the stage of the disease. 
Four cases with ulceration and inflammation 
(3 diabetics) showed times below 35 seconds. 

Hubbard, Preston, and Ross have employed 
radiosodium in a somewhat similar manner to 
determine circulation time in infants; their 
method of registration appears to have been 
more complicated than the one herein de- 
scribed (1). 

More promising than circulation time as a 
clinical aid is the curve of equilibrium build- 
up. Figure 3 shows data for the first 45 min- 
utes for 8 normal individuals whose weights 
varied from 50 to 75 kilograms. (No adjust- 


c 
= 
£ 


144 
ac 
one 
4 5 On @ 
om bo 
to 
Oxees po 
ax+e oD 
10 @ x48 
ewe o 
eos a 
e xo4q DD 
al xo 4 o> 
4 Dob 
om 
‘ 
© ap 
ox 4 
so0ex+04 
4 o@+ 
° OD 
|__| oe oo 
ox 40. 
o x4 
; o x 
q ox 2 
x 
ae 
oO xe 4 
4 
35 o xe 4 
xe 4 
xe be 
x 
40 » 
« > 
x 
45 
> 
i > 
F 
Fig 
mal r 
open 
betwe 
men 
| type 
vidu 
were 
ever 
no 
hour 
and 
cent 
radi 
hour 
and 


SMITH, QUIMBY: RADIOACTIVE SODIUM IN VASCULAR DISEASE 


Counts per minute per 100 microcuries 


500 1000 1500 2000 


x ¥ 


—T 1 


aay 
@ee 


Aa 

v 


e 


Sean o 


02 


x 


wa 
x 


no 


4 


Minutes after injection 


W 
ro) 
aan 


| 


Fig. 4. Arteriosclerosis. Shaded region represents nor- 
mal range. Each type of symbol represents one individual; 
open symbols, left feet, closed, right feet. Little difference 
between feet in any case. 


ment is made for variation in weight.) Each 
type of symbol represents data for one indi- 
vidual. It is not feasible to indicate which 
were for right and which for left foot, but in 
every case both were counted and there was 
no measurable difference. During the next 
hour the values increase by about 25 per cent, 
and in the following 24 hours possibly 10 per 
cent more (allowance of course being made for 
radioactive decay). Excretion in the first 24 
hours is not normally more than 5 per cent 
and probably less. Measurement of total uri- 
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Fig. 5. Thromboangiitis obliterans. Shaded region rep- 
resents normal range. Each type of symbol represents one 
individual; open symbols, left feet, closed, right feet. Con- 
siderable differences between feet in some cases, 


nary excretion in 2 normal individuals gave 
2.5 per cent of the injected radiosodium in the 
first 18 hours. 

Results obtained in various types of vas- 
cular disease are shown in Figures 4 to 7. In 
each of these, the region in which all normal 
cases fell, is shown as a shaded band. In each, 
one type of symbol represents one individual, 
open symbols being counts for left feet, closed 
symbols for right feet. It is seen that in some 
diseased individuals the counts fell within 
the normal range, although most were below 
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Fig. 6. Scleroderma, and Raynaud’s disease. Shaded 
region represents normal range. Each type of symbol rep- 
resents one individual; open symbols, left feet, solid, right 
feet. Triangles and circles, scleroderma; squares, Ray- 
naud’s, There was little difference between feet in any 
case. 


it. In arteriosclerosis not complicated by dia- 
betes (Fig. 4), all counts remained low; there 
was no difference between the feet. Some of 
the thromboangiitis obliterans cases (Fig. 5) 
showed counts in the normal region; these are 
ones in which good collateral circulation had 
been established. There may be considerable 
difference between counts for the two feet, due 
to different degrees of pathological change. 
Scleroderma and Raynaud’s disease (Fig. 6) 
gave consistently low counts. Of particular 
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Fig. 7. Immersion foot and frostbite. Shaded region in- 
dicates normal range. Each type of symbol represents one 
individual; open symbols, left feet, closed, right feet. Cir- 
cles and triangles, immersion foot; squares, frostbite. Cases 
denoted by circles and squares had feet equally involved; 
case denoted by triangles had left foot nearly normal. 


interest are two cases of “immersion foot’’ and 
one of frostbite (Fig. 7). The two with immer- 
sion foot were merchant marines who had been 
exposed at sea in open boats for 17 and 4 days, 
respectively, in January and February, 10943. 
The first (circles in figure) showed no external 
signs of disease and had been ordered back to 
active duty, but complained of pain. It is evi- 
dent from the chart that his circulation was 
not normal. The second (triangles) had the 
right foot much more seriously damaged than 
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the left, his present trouble is with the right 
foot. The frostbite case (squares) was a milk 
wagon driver who had both feet frozen in a 
blizzard 10 years ago. He has at present more 
pain in the left foot, but has trouble with both. 

Little attempt has been made as yet to in- 
terpret these findings. A case whose count 
increases more slowly than normal, but even- 
tually (even after several hours) reaches nor- 
mal or nearly normal levels, will probably 
have to be explained on a somewhat different 
basis from one which never attains a nor- 
mal level. In addition to vascular changes, it 
is possible that there are alterations in the ac- 
tual extracellular fluid volume in the extrem- 
ity. 

The extracellular fluid volume of the indi- 
vidual as a whole, in terms of‘ “sodium space” 
has been determined by Kaltreiter and his as- 
sociates (2), and by others, by injecting radio- 
sodium as in the present work, and then with- 
drawing blood at a certain time subsequently, 
and determining the ratio of counts per cubic 
centimeter of serum to counts for the total in- 
jected material, under standard conditions. If 
this is done after the sodium equilibrium has 
been established between intravascular and 
extravascular fluid, the total volume of extra- 
cellular, expressed as sodium space in liters, is 


Counts for total injected—counts for amount lost in urine 
if any) 


Counts per liter of serum 


Such a determination, however, gives no in- 
formation regarding sodium space in any par- 
ticular region. 

Blood drawn at various intervals from 1 
minute to 24 hours after injection of radio- 
sodium in several patients shows: that in the 
first few minutes thé sodium leaves the blood 
very rapidly. This, of course, is also evident 
from the rapid build-up in counting in the feet 
in the first few minutes. At the end of 15 min- 
utes there is about half as much activity per 
cubic centimeter of serum as after 2 minutes; 
from then on the decrease is slower. Kalt- 
reiter and his associates made their estimate 
of sodium space at various intervals from 3 to 
12 hours after injection and found only small 
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increases after 3 hours. Further studies are 
necessary to determine the rate of transfer 
of sodium during the period before equilibrium © 
is established. A preliminary correlation of 
loss of activity in serum and increase in count 
in foot, however, indicates that the serum has 
attained essentially a constant value some 
time before the foot has reached its maximum. 
It is also true that counts in regions not at the 
end of the extremities (the popliteal, for in- 
stance) attain their maxima much more 
promptly than the foot. Such details should 
be pursued further. 

An important application of the method 
which has not yet been employed to any ex- 
tent is as an evaluation of therapeutic pro- 
cedures. If a patient is tested before treat- 
ment is instituted and at intervals while it is 
being carried out, any change either for the 
better or the worse should be indicated. Repe- 
titions of the test at intervals of a few weeks 
would be entirely safe. 


SUMMARY 


A preliminary report is presented on the use 
of radioactive sodium as a diagnostic aid in 
cases of peripheral vascular disease. Follow- 
ing intravenous injection of the material, its 
distribution in the body is followed by means 
of a Geiger-Mueller counter. Arm to foot 
circulation time has been objectively measured 
by this method in 45 individuals. The rate at 
which the radioactive isotope comes to equili- 
brium with extravascular sodium can be stud- 
ied by repeated counting during a period fol- 
lowing the injection; curves plotted from such 
data are correlated with clinical findings in 
various types of peripheral vascular disease. 
Only a few cases have as yet been studied in 
each disease group (10 normals, 50 diseased), 
the series.are being enlarged. Preliminary in- 
dications are that the method is useful as an 
accurate measure of main vessel and collateral 
circulation at various areas of an extremity. 
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CLOSURE OF THE OPEN CHEST FOLLOWING THE SCHEDE 
OPERATION FOR TUBERCULOUS EMPYEMA 
MANDEL WEINSTEIN, M.D., Jackson Heights, New York 


HE present day radical surgical 

treatment for tuberculous empyema 

has been so successful that not only 

have many lives been saved, but also 
many individuals have been enabled to return 
to useful pursuits in life. However, this op- 
erative treatment still falls short of its max- 
imum achievement because of the length of 
time required to control the empyema and to 
discharge the patient from the hospital with a 
healed wound. Therefore our efforts should 
henceforth be directed toward reducing ana- 
tomical deformity, conserving musculoskele- 
tal and respiratory function, and expediting 
the healing of the open chest wound. 

The present study concerns the author’s ex- 
perience in closing wide open chest wounds 
following the Schede operation by subtotal 
scapulectomy and plastic muscle flaps. The 
results are presented in a group of 6 patients 
who have had what is today considered the 
most effective type of surgical treatment for 
tuberculous empyema; namely, an open 
thoracotomy for empyema drainage, followed 
in a few days by a thoracoplasty with the re- 
moval of at least 5 upper ribs, and subse- 
quently by the radical Schede operation. The 
Schede procedure removes the entire roof of 
the empyema cavity. This consists of thick- 
ened parietal pleura, ribs that have regener- 
ated following thoracoplasty, and the remain- 
ing intact ribs which still overhang the pleural 
space. The result is a wide open chest and a 
saucerized empyema cavity in the bottom of 
which one can see the collapsed lung covered 
only by visceral pleura (2). 

This method of treatment is prescribed for 
tuberculous patients with evident broncho- 
pleural fistulas, as for example, in frank mixed 
infection pleural exudates, or in empyema 
fluids with a high Gaffky count. In the latter, 
it is believed that a small fistula opens and 
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closes intermittently, and soon causes exten- 
sive infection in the pleural lining and even- 
tually in the uninvolved lung parenchyma. 
The presence of such a fistula also predisposes 
to brain abscess and cerebral air embolism (5). 
Strangely enough, most of.these patients have 
controlled underlying pulmonary disease but 
are now suffering from one of the complica- 
tions of tuberculosis, the empyema. As 
pointed out by Alexander, the absolute num- 
ber of both pure and mixed tuberculous 
empyemata has increased because of the 
increasing use of artificial pneumothorax. 


PATHOLOGY 


The open chest following the Schede op- 
eration presents one of the largest post- 
operative wounds encountered anywhere in 
the body. The condition and appearance of 
the wound will depend upon the time that has 
elapsed since the Schede operation and the 
amount of healing that has taken place. One 
is amazed at the lack of severe pain or dis- 
comfort with such extensive exposure of the 
lung and other tissues. The answer appar- 
ently lies in the fact that marked paradoxical 
breathing and severe anoxia are absent be- 
cause of the fixed mediastinum. This thick- 
ening of the parietal pleura accompanying the 
empyema involves not only the pleura of the 
chest wall but also the pleura of the medi- 
astinum. In this manner, the mediastinal 
structures are immobilized. Thus, there is a 
limited shift of the heart and great vessels 
with each respiratory movement, and a rigid 
medial wall for the contralateral lung. The 
result is very little interference with respira- 
tory function in the opposite lung. It is this 
“thickened pleura mechanism” with a fixed 
mediastinum that also permits the removal 
of 5 or more ribs in one stage of thoracoplasty 
prior to the Schede operation without great 
paradoxical breathing or operative shock to 
the patient. 
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The pleural thickening is confined princi- 
pally to the parietal layer, and measures 2 
centimeters to 2.5 centimeters in many cases. 
The thick edges of this pleura may be seen all 
around the lung margin after the unroofing by 
the Schede operation. On the other hand, the 
visceral pleura is rarely more than 0.2 to 0.5 
centimeter thick, and usually contains fistu- 
las of varying sizes. Sometimes these fistulous 
openings may be large in size, and lined with 
scar tissue. Often they present the familiar 
hissing sound of an open fistula. 

This gross pathological picture of thickened 
pleura, triangular ribs, and narrowed inter- 


costal spaces is the result of nature’s attempt | 


to obliterate the empyema cavity; but she 
does not succeed. If observed several months 
after operation such wounds display much 
granulation tissue, with shrinkage of the ex- 
posed lung area and infolding of skin around 
the wound’s edges. The scapula with its flat 
surface forms a distinct bony roof or plate cov- 
ering the cavity at the bottom of the chest 
wound. Only when the scapula is forcibly 
elevated, can one see the full extent of the re- 
maining pleural space. Skin and fibrous tissue 
grow under the vertebral border and under the 
lower angle of the scapula more than any- 
where else. The size of such wounds depends 
on the size of the empyema cavity present be- 
fore thoracoplasty. If the upper lobe was 
adherent to the top of the hemithorax during 
the empyema, only a limited pleural space re- 
mains. However, if the lung was greatly col- 
lapsed and the empyema was a universal one 
and reached the top of the chest, the resulting 
wound is very large with a good sized sinus 
extending high up under the scapula. Fortu- 
nately in many cases the upper portion of the 
empyema cavity has been greatly diminished 
in size by the previous thoracoplasty, with a 
dropping of the apex of the pleural cavity 2 or 
3 inches. In fact, some empyema cavities are 
represented after thoracoplasty and Schede 
operations only by a long, narrow vertical 
sinus which extends upward under the scapula. 
_ The involved side of the chest moves very 
little with respiration due to the exposed and 
collapsed lung, atrophy of muscles, and the 
removal of the bony chest support. If a pa- 
tient has a large empyema cavity, he requires 


an extensive Schede operation with a resulting 
large open chest. Therefore, his lung will be 
more collapsed and he will show greater dam- 
age to the musculoskeletal structures of the 
thorax. The lack of a normally rigid chest 
wall is of no help in the re-expansion of this 
collapsed lung. The result is a degree of 
anoxia consistent with the loss of ventilating 
lung tissue. In addition, if open fistulas are 
present they tend to perpetuate the collapse 
of the lung. Some paradoxical breathing may 
be present; and in patients whose left chest is 
involved, cardiac pulsations are clearly visible 
under the collapsed lung. 

Such chest wounds are usually dressed each 
day with gauze packs soaked in antiseptic so- 
lutions, or sulfonamide compounds. These 
dressings are painful and help prolong the in- 
fection. A seropurulent discharge saturates 
the dressings as nature tries in vain to shrink 
and close this large wound. Bacteriological 
studies usually reveal that the tubercle bacil- 
lus has disappeared from the secretions early, 
especially if no cavities are present in the 
lung parenchyma and if fistulas are closed. 
Only the usual pyogenic organisms are found, 
with or without secondary contaminants. 

In general, these patients are up and about 
the hospital wards and do not seem very ill in 
spite of the fact that most of them suffer from 
amyloid disease of a severe degree. However, 
since the Schede operation has completely un- 
roofed the suppurative pleural cavity and re- 
moved the infected parietal pleura, they be- 
come fever free and improve steadily. They 
feel so well that at first the suggestion of a 
plastic operation to close the open chest meets 
with a negative response. They consider them- 
selves fortunate to have survived so many 
operations and to have lost their toxemia. 
Usually they express a determination to have 
their chest wounds heal without further 
surgery. However, considerable musculo- 
skeletal deformity of the involved chest slowly 
develops, and the patient is bent over to the 
side with only limited use of the homolateral 
shoulder girdle and trunk muscles. 


PRINCIPLES OF THE OPERATION 


The closure of tuberculous empyema cav- 
ities has been practiced for many years with a . 
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varying degree of success. The more common 
practice has been not only to unroof the 
pleural cavity with a Schede thoracoplasty 
operation, but at the same time to fill in the 
resulting chest defect with muscle flaps. Most 
of these operations were unsuccessful in our 
hands. Careful study revealed that the infec- 
tion present prevented the flaps from adhering 
to the lung surface, and pockets of pus were 
created. In some instances the tubercle bacilli 
flourished and rapidly grew in the muscle 
tissue, thus spreading the disease. The same 
observation of tubercle bacillus growth in 
muscle implants was made by Auerbach who 
studied the postmortem material of patients 
who had had an unsuccessful one stage closure 
of tuberculous pulmonary cavities with muscle 
flaps. The only failure in the herewith re- 
ported series of cases is that of the 6th patient 
who possessed an undiscovered open cavity in 
the lung at the time of operation. The result 
was a rapid spread of the tuberculous infection 
throughout the wound, and a hematogenous 
involvement followed by death. When primary 
closure of empyema cavities has been at- 
tempted, the operative mortality has been 
very high since these patients represent the 
poorest surgical risks and cannot tolerate too 
long and too mutilating a surgical procedure. 

Some thoracic surgeons have mobilized and 
cut muscle pedicle flaps at the time of the 
Schede operation with the intention of im- 
planting them at a later date but the results 
have been found unsatisfactory. At operation 
we find such muscle flaps atrophied and heav- 
ily infiltrated with fibrous tissue. Evidently 
the proximity of infection to a loosened muscle 
mass deprives it of viability. In addition, it 
lacks the protection of its normal fascial cov- 
erings in the musculoskeletal system, and the 
mobilization procedure interferes with its 
vascularization. From these observations it 
was subsequently decided only to unroof the 
cavity at the first sitting, and after several 
months have elapsed, to proceed to plastic 
muscle closure. During this time the patient 
loses his toxemia, the wound becomes cleaner, 
and the troublesome tubercle bacillus dis- 
appears. 

However, several factors must be carefully 
considered before the thoracic surgeon can 
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hope for a successful muscle plastic closure of 
an open chest wound. 

1. Bronchial fistulas must be closed. As 
stated previously, the presence of fistulas is 
the usual cause of the severe tuberculous 
empyema. Even if the fistulas are not visible 
at operation, they may still become patent 
from time to time. These fistulas must be 
completely obliterated if one wishes to elim- 
inate further contamination of the wound by 
pyogenes. The latter are always present in 
the bronchi. Suturing the bronchial ostia as 
a method of closure is useless. The only suc- 
cessful procedure is the application of a muscle 
flap. Abrashanoff in 1911 was the first to use a 
pedicled muscle flap placed over the mouth of 
a bronchial fistula. Since that time many 
surgeons have made use of this principle and 
the results have been satisfactory. Pool and 
Garlock closed larger bronchial fistulas by 
placing muscle grafts directly into them. 
They showed by animal experiments that the 
graft becomes firmly united to the wall of the 
bronchus, and in the gross, there is evidence of 
the outgrowth of bronchial epithelium to 
cover the muscle flap. There is no evidence to 
indicate the presence of inflammatory reaction 
in the adjacent lung parenchyma. 

As applied in this operation for the closure 
of the open chest following Schede, a large 
mass of pedunculated muscle has the added 
advantage of compressing the fistulous ostia. 
The result is a firm, permanent closure. This 
method of bronchial fistual closure has stood 
the test of time (5) whereas the use of other 
tissue grafts such as skin or fat has resulted 
only ‘in failure. 

2. The chest wound must be satisfactory for 
closure. The Schede operation should leave a 
“saucerized cavity”; that is, a flat wound 
without overhanging edges of thickened 
parietal pleura or rib stumps. This eliminates 
the formation of pockets of fluid which may 
dissect the muscle flaps off the lung surface. 
No abscess cavities or sinuses should be 
present. If found, they must be so treated 
that only one cavity remains before insertion 
of the flaps. The area of chest wall surround- 
ing the wound should be even and free from 
prominent flaring ribs. If muscle pedicle flaps 
must pass over irregularly projecting ribs be- 
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fore they reach the empyema cavity, they 
would require greater lengths of muscle and 
be too far away from their attached sources of 
nutrition to grow effectively. 

The presence of the usual pyogenic infection 
that occurs several weeks or months after the 
Schede operation does not materially affect 
the growth of muscle flaps. The experience 
gained in the present group of cases taught us 
also that the implanted muscle should be large 
enough to fill the empyema space completely. 
This concept differs from the experience of 
Robinson whose opinion it is that muscle 
grafts should occupy only part of the space, 
in order to allow room for the evacuation of 
purulent secretions and for the local treatment 
of the suppurative pleural lining. However, 
we have found that after the Schede operation 
most of the original virulent organisms dis- 
appear over a period of a few months because 
of adequate drainage and through treatment 
with antiseptic solutions and sulfonamide 
compounds. Those that remain are only the 
usual contaminants of large wounds. Tuber- 
cle bacilli may be present in the caseated areas 
of sinuses high up under the scapula where it 
is always difficult to expose the parietal 
pleura. Caseated lung tissue may also harbor 
the tubercle bacillus and pass unnoticed as in 
Case 6, but fortunately such occurrences are 
rare. Therefore, frequent bacteriological stud- 
ies should determine the time of closure of the 
open chest wound. If tubercle bacilli are re- 
covered, plastic closure should be deferred 
until they are no longer present. 

3. Resection of the scapula. This bony 
structure is one of the causes of the long delay 
in the healing of post-Schede wounds and 
should be resected in all muscle plastic clo- 
sures. The flat surface of the body of the 
scapula forms a roof over the cavity. Not 
only is packing with gauze made difficult after 
the Schede operation but a pleural cavity of 
large size may form a long sinus completely 
hidden beneath the scapula. As will be seen 
later, a resection of the lower one-third to one- 
half of the scapula gives access to this upper 
pleural space sinus. It also makes available 
the attached infraspinatus and subscapularis 
muscles as part of the “fill,” and increases the 
length of the latissimus dorsi flap. All of the 
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scapula below the origin of the spine should 
be resected. 

Resection of the scapula is followed by sur- 
prisingly little deformity or functional dis- 
ability of the shoulder and upper extremity. 
Prior to plastic chest closure and scapular re- 
section, some deformity and incapacitation is 
already present because of the thoracoplasty 
and Schede operations. In addition, prolonged 
suppuration over a period of months with 
daily packs and dressings has caused fibrous 
tissue formation and immobilization of all in- 
volved chest structures. 

As to the disability caused by scapula re- 
section, Coryllos and Weinstein have pointed 
out the following: “By virtue of its anatom- 
ical structure and position the scapula blade 
forms the posterior portion of the girdle sup- 
porting the arm. The shoulder girdle which is 
attached to the chest only by the sterno- 
clavicular joint, is closely applied to the thorax 
by means of many powerful muscles. It is sus- 
pended directly by the muscles trapezius, 
rhomboidii, and angularis; and indirectly by 
the scalenous anticus and sternomastoid, 
which are attached to the clavicle. Fixation 
to the chest is accomplished by the powerful 
serratus and the small serratus posticus 
superior. At its inferior angle, it receives a 
few fibers from the latissimus dorsi. These 
multiple muscular insertions explain the good 
function of the scapula and arm even though a 
great part of the trapezius, rhomboidii, and 
the serratus are sectioned during thoraco- 
plasty. Resection of the scapula does not 
interfere with the movements of the shoulder 
joint itself. Furthermore, partial regeneration 
of the bone permits some resumption of func- 
tion of the muscles attached to the scapula.” 

4. Advantages of muscle grafts. Since all the 
viscera within the thorax depend upon a rigid 
chest wall for proper cardiac and respiratory 
function, one should endeavor to repair and 
cover chest wall defects with as firm a tissue 
as possible. Next to bone and cartilage, mus- 
cle is the best available tissue that has bulk 
and substance. Besides, its properties of 
growth and firm attachment to surrounding 
structures, even in the presence of infection, 
make it especially adaptable for the filling of 
large chest defects. The preparation of muscle 
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“fills” should be accomplished with as little 
trauma to the pedicled graft as possible, so 
that tissue viability may be retained. Clamp- 
ing of the muscle, especially the detached end, 
only predisposes to necrosis and a failure to 
adhere and grow. The graft should be so 
fashioned that the attached end remains close 
to the vascular supply so that adequate nour- 
ishment may be maintained. 

Since the modern thoracoplasty operation 
involves the posterolateral portion of the 
chest and is followed in this region by the 
Schede operation, the available muscles for 
closure are the sacrospinalis, latissimus dorsi, 
trapezius, and scapula muscles. Therefore, all 
preliminary operations that involve these 
muscles should be so carried out that a 
minimum of muscle tissue is sectioned or 
traumatized. For example, when thoraco- 
plasty is done, the latissimus dorsi muscle can 
be mobilized and not sectioned if good wound 
exposure is desired. However, if muscles are 
severed during the operation, careful suturing 
should be done to accomplish good ap- 
proximation and firm healing. In other words, 
as soon as radical surgery is planned for 
tuberculous empyema patients, one should 
conserve all available muscle tissue so that 
plastic closure may be accomplished at a 
future date with untraumatized and well 
vascularized musculature. 

5. Mechanics of muscle “fill” for the open 
chest. The trapezius muscle is not very im- 
portant in shaping muscle grafts. It is a 
broad, flat, triangular muscle with its base at 
the median line and its apex at the acromion 
process of the clavicle. It cannot be fashioned 
into a long pedunculated flap but it may be 
utilized with the rhomboidii muscles as part of 
the superficial muscle group that remains 
after the scapula is resected. However, the 
trapezius is very often thin and worthless 
because of muscle atrophy, since previous 
thoracoplasty operations have sectioned it 
one or more times. 

The scapula muscles, however, are valuable 
for muscle fills since they are in closest relation 
to the superior portion of the empyema sinus. 
After removal of the lower third or half of the 
scapula bone, the infraspinatus and sub- 
scapularis readily drop into the sinus. If a 


long high apical sinus is present because of a 
complete empyema. cavity, the scapular mus- 
cles cannot reach the uppermost limit. To fill 
in this area, the latissimus dorsi is used. In 
order to secure a long muscle flap, a piece of 
latissimus must be dissected almost as far 
down as its origin on the posterior third of the 
iliac crest. Above, the latissimus dorsi is left 
attached to the lower end of the scapula and 
close to the infraspinatus muscle, so that after 
scapula resection it may be rolled under the 
remaining bone as part of the entire muscle 
mass. The latissimus dorsi muscle is ideally 
situated for empyema cavity fills in that it is 
located just at the anterior border of the open 
chest. An additional advantage in using this 
muscle is the fact that, unlike many other 
muscles used for pedicled muscle flaps, it con- 
tains a minimum of tendinous or aponeurotic 
tissue. This makes for rapid and effective 
union with underlying structures. In small 
empyema cavities a scapula resection with a 
latissimus dorsi muscle flap may be all that is 
necessary for good closure. However, most 
residual pleural spaces are large and therefore 
require more muscle to complete the plastic 
procedure. We then must make use of an 
additional muscle, the erector spinz, located 
posteriorly. 

The erector spinae muscle normally fills in 
the hollow on each side of the spinous process- 
es. It is more bulky than the latissimus and 
fortunately has not been traumatized by pre- 
vious operations. When mobilized it can form 
a pedicled muscle flap of considerable length 
and breadth. Its location is too far posterior 
to make it available for filling in the apex of 
a long empyema sinus. Besides, it would 
describe too circuitous a course around and 
under the scapula to reach that place. Better 
use can be made of it to cover the exposed 
lower lung area, especially since it can form a 
long, wide muscle mass sufficient to cover a 


large surface. 
ANESTHESIA 


Inhalation anesthesia is the method of 
choice, and in our hands cyclopropane has 
been very satisfactory. .An intratracheal 
catheter is unnecessary since these patients 
expectorate little and are never in danger of 
inundation by bronchial secretions. The lung 
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Trapezius M. 


Fig. 1. Freeing of latissimus dorsi muscle preparatory to severing it below from its 
attachment to iliac crest. Insert illustrates excision of old scar. 


surface is well within view throughout the op- 
eration and can be kept covered by hot packs 
and aspirated free of blood and secretions. As 
soon as the muscle flaps are inserted into the 
residual pleural space, the open bronchi are 
plugged, and the external communications of 
the bronchial tree are thus closed. 
Throughout the operation, the anesthetist 
should carefully record the pulse and blood 
pressure, since these patients may quickly 
plunge into shock from the blood loss and op- 
erative trauma. They usually come to opera- 
tion with a diminished blood volume and a 
lowered vital capacity, while many of them 
suffer from avitaminosis and extensive amyloi- 
dosis. For these reasons, citrated blood, plas- 
ma, and glucose with saline are administered 
during the procedure by means of a cannula 
sutured into the internal saphenous vein. 


OPERATION 


Incision. The incision represents an ex- 
cision of all the old scars resulting from the 


posterolateral thoracoplasty and Schede op- 
erations (Fig. 1). Scar tissue is too poorly 
nourished to be used for suturing or for any 
type of plastic closure. The resected wound 
margin also includes granulation tissue and in- 
folded skin up to the visceral pleura. A large 
amount of skin has grown under the vertebral 
border of the scapula and this must also be re- 
moved.To dissect and mobilize a long flap of 
latissimus dorsi it is usually necessary to make 
an additional vertical skin incision of 2 to 4 
inches downward toward the iliac crest. Fol- 
lowing this, the deep fascia all around the 
wound is separated from the subcutaneous fat 
by sharp dissection for a distance of one half 
to one inch beyond the line of incision, thus 
mobilizing the extracostal muscles and pre- 
paring the wound for rapid closure at the end 
of the operation. 

Procedure. A rapid search is made for 
sinuses and abscess pockets by direct vision, 
probing with the gloved finger, and instru- 
mentation. If these are discovered, they 
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Scapular 
muscles 


Fig. 2. Separation of infraspinatus and subscapularis 


muscles from inferior angle of scapula, prior to subtotal re- 
section of this bone. Inserts demonstrate how flap of 
scapular and latissimus muscles is lengthened by scapular 
resection since it will be turned under scapula to reach apex 
of space. 


should be unroofed, excised, or curetted. The 
visceral pleura covering the lung is not inter- 
fered with in any way whatsoever, since 
procedures such as curetting or cross-hatching 
may give rise to additional fistulas or fatal air 
embolism. 

The operator’s attention is next directed to 
the upper portion of the residual empyema 
cavity where one estimates the amount of 
latissimus dorsi flap that would be necessary 
for closure. If the patient originally had a 
limited pleural -cavity because of fixation of 
the upper lobe to the chest wall, then less 
muscle will be needed and the problem is rela- 
tively simple. If the cavity is extensive, con- 
siderable muscle tissue will be required. The 
latissimus is carefully dissected with the 
scalpel both superficially from the sub- 
cutaneous tissue, and deeply from the chest 


Scapular M. 
Erector spinae M. 


Latissimus 
dorsi M. 


Fig. 3. After resection of lower scapula, latissimus dorsi 
and erector spinae muscle flaps are fashioned and made 
ready for implanatation. 


wall (Fig. 1). Two or more Kocher clamps are 
placed distal to the line of proposed sectioning 
and the muscle is incised proximal to the 
clamps. In this manner the muscle fibers to 
be usec in the flap are not traumatized. 
Suture ligatures around the clamps control 
bleeding from the remaining muscle stump, 
close to its attachment to the crest of the 
ilium. 

The lower third to one half of the scapula is 
now dissected in the manner described in de- 
tail elsewhere (4). The resection extends up- 
ward on the flat body of the scapula to a line 
corresponding with the origin of the spine 
from the vertebral border (Fig. 2). This pro- 
cedure reveals a large muscle mass containing 
the detached subscapularis and infraspinatus 
muscles. Thus, these muscles are now length- 
ened as is also the latissimus dorsi. The 
latissimus muscle is dissected posteriorly from 
the lumbar fascia and together with the scapu- 
lar muscles, the trapezius, and rhomboids, 
forms a large sized pedicled muscle flap 
(Fig. 3). The end of the latissimus is folded 
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Latissimus 


dorsi M. 


Fig. 4. Latissimus dorsi muscle turned under remainder 
of scapula and sutured into place. The upper portion of the 
exposed lung is thus covered, and the top of the remains of 
the pleural cavity filled. 


upon itself, and forced upward to fill the apex 


of the pleural sinus. Since this area is now 
plugged with a muscle “fill” it is usually im- 
possible to fix the end of the muscle to the 
highest point of the sinus by suture. More- 
over, this is unnecessary since several inter- 
rupted catgut sutures placed in the chest wall 
structures just beyond the lung margin will 
maintain the mass in place. The cut edge of 
the trapezius and rhomboid muscles, if large 
enough, are crowded into the space and also 
sutured to the paravertebral edge of the 
wound (Fig. 4). 

However, in large open chest cavities the 
lower portion of the lung is still exposed. To 
cover this, the erector spinae muscle is utilized. 
Dissection is carried along this muscle lateral- 
ly where it is attached to the ribs, and medially 
as far down as the lumbar region where it 
arises from the spines of the lumbar vertebrae. 
When thé proper length is mobilized, it is in- 
cised low down proximally to 2 or 3 Kocher 
clamps. The large muscle flap is now gradual- 
ly raised off the ribsand vertebrae up to a point 
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Fig. 5. Erector spinae muscle spread out over lower por- 
tion of lung. Insert shows wound closure with two Penrose 
drains, the posterior one for the dead space created by re- 
moval of erector spinae muscle. 


that gives it enough length completely to 
cover the lower and remaining exposed lung. 
Interrupted catgut sutures affix it to the chest 
wall tissues beyond the lung periphery, so that 
the latter is completely covered with an ade- 
quate amount of muscle. The residual pleural 
cavity is now obliterated by muscle “fills” and 
the lung is no longer exposed (Fig. 5). 

Closure. The wound is ready for closure and 
the muscle layer mobilization that was done 
immediately following the incision permits an 
accurate and quick approximation of skin and 
subcutaneous tissue. Interrupted silk or nylon 
Stewart sutures are used, care being exercised 
not to place too many sutures in areas likely to 
become necrotic, as in the pointed corners of 
skin flaps. The removal of the erector spinae 
muscle leaves behind a space that is certain to 
collect serosanguinous fluid. A stab wound is 
made in this area, low down, and a rubber 
tissue drain inserted. Another drain is usually 
placed somewhere in the suture line on the 
lateral chest wall, below the scapula. 

The dressings are placed snugly, preferably 
with sea sponges incorporated in them, so that 
the flaps will be well applied to underlying sur- 
faces and collections of fluid thus avoided. 
The arm is strapped to the chest by adhesive 
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Fig. 6, left, Wide open chest with exposed collapsed lung following two stages of 
thoracoplasty and a radical Schede operation. 
Fig. 7. Chest successfully closed by a latissimus dorsi muscle graft and a sub- 


total scapula resection. 


in order not to disturb the attachments of the 
muscle flaps. 


POSTOPERATIVE COURSE 


Once these patients react from their op- 
eration their course is smooth and uneventful. 
Additional blood and plasma may be required 
from time to time. Anoxia and respiratory 
disturbances are usually not severe. The 
elimination of a suppurating chest wound with 
open bronchial fistulas diminishes the toxemia, 
and the patients gradually improve. The first 
dressing is postponed for one week to give the 
muscle flaps a chance to affix themselves to 
underlying structures, just as in skin grafting. 
The drains and all sutures are removed at the 
same time. After 5 or 6 weeks, if the wounds 
are almost closed, the patients may leave the 
hospital. 

CASE REPORTS 

The foregoing operative plan for closing the 
open chest was decided upon after a dis- 
appointing experience with 2 patients. The 
first patient R.M. had two stages of thora- 
coplasty, a Schede operation with scapu- 
lectomy, two operations for revising the 
previous Schede, and finally a third Schede 
revision operation. During this third Schede 


revision (by the author, January 20, 1939) a 
large number of suppurating sinuses were en- 
countered arising from osteomyelitis of intact 
ribs, rib stumps, regenerated ribs, and scapula. 
The operation consisted of unroofing or ex- 
cising all involved areas of suppuration, and 
the removing of osteomyelitic bone. An at- 
tempt was then made to cover over a small 
area of exposed lung by a flap of latissimus 
dorsi. This muscle was small and atrophied 
from the previous surgical procedures. The 
muscle flap failed to take, the wound became 
extensively infected, and a few months later 
the patient developed cavitary disease of the 
contralateral lung with severe and repeated 
hemoptyses. He expired 7 months later. The 
second patient R.B. had a tuberculous em- 
pyema which was treated by thoracotomy and 
thoracoplasty on January 27, 1939. Following 
this, an attempt was made to combine the 
operation of Schede with scapulectomy and 
muscle flap closure, all in one stage. The re- 
sult was unsuccessful because the suppuration 
present was too extensive and the organisms 
too virulent. The profuse drainage from the 
wound loosened the implanted muscle flaps 
and a large portion of the empyema cavity 
persisted. 
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Fig. 8, left, Ps extreme case of a wide open chest in a female patient who weighed 
under 80 pounds. This condition resulted from a tuberculous empyema with exten- 
sive streptococcus infection of extrapleural space. 

Fig. 9. Successful closure after revision of many sinuses and the removal of much 
osteomyelitic bone. Scapula resected and latissimus dorsi muscle implanted. Good 


arm function. 


A decision was then made to perform the 
muscle plastic operation only if the following 
conditions prevailed: (1) relatively clean 


wound, free from tubercle bacilli and other 
virulent organisms; (2) granulating wounds, 


well “‘saucerized,”’ with no overhanging ribs or 
tuberculous pleura; (3) patients without the 
toxemia that results from unroofed empyema 
cavities. 


CasE 1. Patient C.N., a colored female, 28 years 
of age, became ill July, 1935. Pneumothorax was 
instituted on right side August, 1935. Fluid de- 
veloped November, 1935. Repeated aspirations 
yielded sterile fluid. She entered Sea View Hospital 
March 16, 1936 and was discharged in July, 1936, as 
an arrested case. Sputum was negative and during 
her stay fluid was.sterile. She was followed in clinic, 
had refills every 3 weeks, and in February, 1937, was 
told that fluid had disappeared. In February, 1938, 
she began to streak; sputum turned positive. She 
was readmitted to Sea View Hospital in July, 1938. 
Fluid now showed Gaffky III, sputum Gaffky IV. 
In November, 1938, she expectorated methylene 
blue from pleural cavity; no fever was present. 

Thoracotomy was performed November 4, 1938, 
involving 6th right intercostal space. First stage 
thoracoplasty was done on November 11, 1938. 
Upper three ribs were removed. To provide better 
pleural cavity drainage, a 12 inch segment of oth rib 
was removed and large tube inserted. Second stage 
thoracoplasty was done December 16, 1938, and 4th, 


5th, and 6th ribs were removed. Schede operation 
was performed January 6, 1939. Extensive unroofing 
of empyema cavity was ‘accomplished by removing 
regenerated ribs, 7th, 8th, and oth intact ribs, and 
all parietal pleura. Cavity was left wide open and 
packed with gauze. Patient was markedly shocked. 
Operative time was 24 minutes. Pathological report 
revealed: ‘‘Areas of caseation in parietal pleura; 
diagnosis, tuberculous empyema wall.” - 

Muscle flap closure of chest was carried out 
February 24, 1939. Complete empyema was present 
with wide open chest and clean and granulating 
wound (Fig. 6). Wide excision of scar and inverted 
skin was made and lower one third of scapula re- 
sected. Flap of latissimus dorsi was sutured into 
wound with scapula muscles. Small, lowermost por- 
tion of wound was covered only by skin and fat since 
muscle flap was inadequate to cover entire area. If 
patient were not muscular, additional muscle, as 
erector spinae, would have been necessary. Primary 
closure of wound was done with interrupted silk 
sutures. Postoperative course was uneventful. The 
wound drained serosanguineous material but healed 
by primary union in 17 days (Fig. 7). 

CASE 2. Patient C.N., a white female, 26 years of 
age, was admitted to Sea View Hospital, August 23, 
1937. There was history of onset of disease in 
February, 1936, with cold, cough, fever, and loss of 
weight. Sputum examination was negative but 
gastric positive. 

Pneumothorax was done on September 9, 1936. 
Fluid developed in January, 1937 which was nega- 
tive for tubercle bacilli and pyogenes. On February 
28, 1937, two days after a refill, patient developed 
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Fig. 10, left. This picture does not portray the full extent of the open chest since 
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the arm is held close to trunk. Following the Schede operation the wound was un- 
usually large because in addition to unroofing a complete empyema, a suppurating 


extrapleural space was widely excised. 


Fig. 11. Wound healed by primary union within 4 weeks. Arm function not 


greatly restricted. 


temperature of 104 degrees F., and fluid now con- 
tained Streptococcus hemolyticus but no tubercle 
bacilli. She was given antistreptococcus serum and 
prontylin and was irrigated with azochloramine. 
Fluid was negative for streptococcus and tubercle 
bacilli, and has remained negative since April, 1937. 
Sputa and gastric examinations were negative; 
patient never expectorated methylene blue. She left 
hospital against advice, with a go per cent collapse 
of right lung. 

Patient was readmitted 2 months later, with 
history of having been very ill at home with fever, 
dyspnea, and the rapid accumulation of fluid. Fluid 
was thick and yellow green with hemolytic strepto- 
coccus but no tubercle bacilli. Patient was very 
toxic. Antistreptococcus serum and prontylin was 
again tried, but there was no pronounced improve- 
ment. Sputum and gastric examinations were nega- 
tive. Lung failed to re-expand. 

First stage thoracoplasty was performed on 
December 21, 1937. Upper three ribs were removed 
under local anesthesia. Procedure was followed by 
severe streptococcus infection of entire wound. 
Thoracotomy was done on May 12, 1938. Tube was 
inserted in 6th interspace midaxillary line. Second 
stage thoracoplasty was performed on August 2, 
1938 and 4th, 5th, and 6th ribs were removed. En- 
tire chest wall was a wide open purulent cavity be- 
cause of the additional extrapleural infection. Schede 
operation was performed September 6, 1938, and 7th 
and 8th ribs were removed. Parietal pleura was ex- 
cised together with all regenerated bone. Large 
saucerized cavity resulted (Fig. 8). 

Muscle plastic operation was performed on 
October 6, 1939. Sinuses were opened and excised 


and osteomyelitic bone removed. Subtotal resection 
of scapula was carried out. Latissimus dorsi was 
mobilized and sectioned low down together with 
infraspinatus muscle sutured to top of pleural cavity. 
However, muscle fill barely covered remaining lung. 
Primary closure of skin and fat was made. Penrose 
drain was inserted in lower angle. Operating time 
was 45 minutes. Wound well healed after several 
weeks (Fig. 9). There was never any purulent drain- 
age. Convalescence was delayed by a severe attack 
of generalized arthritis. Patient was discharged May 
21, 1940. 


This patient presented the poorest operative 
risk of the series because of the severe mixed 
infection empyema with Streptococcus hemo- 
lyticus and the complicating thoracoplasty 
wound infection. Her weight during the 
Schede and muscle plastic operations was less 
than 90 pounds; vital capacity, goo cubic 
centimeters. Follow-up examination on Nov- 
ember 5, 1943, revealed a well patient weigh- 
ing 120 pounds and working as salesgirl in a 
retail store 5 days a week. 


Case 3. Patient M.E., a white female, 32 years of 
age, was admitted April 2, 1942. Her chest wall was 
collapsed by several operations, and the operative 
scars contained four draining sinuses. The diagnosis 
of pulmonary tuberculosis was made in 1939. In 
October of that year a pneumothorax was induced, 
subsequently followed by a thoracoscopy. A right 
pleural effusion developed and her sputum became 
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negative. In September, 1940, mixed infection 
empyema developed. 

First stage thoracoplasty was carried out in 
December, 1940. Wound became infected. Thora- 
cotomy was done in January, 1941. Second stage 
thoracoplasty was performed in April, 1941. Wound 
became infected. Third stage thoracoplasty was 
done in June, 1941. Wound infection developed fol- 
lowed by draining sinuses. She was then admitted to 
Sea View Hospital where upon admission and until 
discharge all sputum and gastric examinations were 
negative. Schede operation was performed on June 
30, 1942. Four suppurating sinuses developed in 
operative scar connecting with a large infected extra- 
pleural space which extended throughout the length 
and breadth of the hemithorax. A sinus tract was 
present in the outer posterior portion of the breast 
continuous with this large pocket of pus. There was 
no osteomyelitis of regenerated or unremoved ribs. 
On probing, a sinus tract on lateral chest wall was 
found to enter an empyema cavity. The latter con- 
tained thick, gray brown pus, and reached to level 
of 3rd rib superiorly, in the full anteroposterior 
dimension of the chest. Parietal pleura was three- 
quarters of an inch thick. Complete unroofing of 
extrapleural space including breast sinus was carried 
out; then pleural space was made continuous with 
extrapleural space by the excision of parietal pleura 
and regenerated ribs. Lower third of scapula was 
removed because it was adherent to ribs. Chest wall 
with exposed lung was left wide open, and packed. 
Tissye removed at operation showed acute and 
chronic inflammation but no evidence of active 
tuberculosis. Subsequent smears showed no tubercle 
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bacilli but Staphylococcus aureus and Bacillus coli 
always present. 

Muscle plastic operation was performed on June 4, 
1943. Old scar was excised (Fig. 10). Latissimus 
dorsi was dissected free down to crest of ilium, but 
this muscle was greatly atrophied. Therefore, the 
erector spinae was mobilized for a length of 5 inches, 
and both muscles were sutured into the pleural space 
covering the lung. Primary closure of wound was 
made with two drains. Wound was well healed 
within 4 weeks (Fig. 11): 

At the end of the Schede operation, this 
patient presented the largest chest wound of 
all the patients in the series. This was partly 
due to the fact that the large extrapleural 
space was opened as well as the pleural space. 
Evidently there was wound contamination by 
the empyema resulting in the infected extra- 
pleural space. Only a moderate amount of 
shoulder and arm restriction resulted. 


Case 4. Patient I.N., a white female, 37 years of 
age, was admitted July 25, 1940, with a history of 
onset of disease in 1922 with cough and streaking. 
Pneumothorax was carried out in 1922. Two years 
later clear fluid developed. Patient returned home 
from sanitarium in 1928. No further refills de- 
veloped. In March, 1940, she had pain, dyspnea, 
and fever. Aspiration yielded pus. Sputum was al- 
ways negative. Methylene blue was never ex- 
pectorated. Thoracotomy was performed in 1940 at 
another hospital; drainage tube was placed just 
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Fig. 12, left. Six ribs removed at thoracoplasty operation followed by a Schede 
procedure. Wound failed to close after 2 years of daily dressings and in spite of 
a supplementary anterior thoracoplasty operation. Scapula forms a distinct roof 
over a large loculated area of pus. : 
Fig. 13. Adequate filling of space with firm closure resulted from resection of } 
scapula and the implanting of latissimus dorsi and erector spinae muscles. i 
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Fig. 14. 


Fig. 14. The appearance of a patient after an unsuccess- 
ful thoracoplasty. A large open chest with exposure of 
considerable lung tissue is present. 

Fig. 15. Illustrating the failure of skin and subcutaneous 
tissue as sliding grafts for the closure of major chest defects. 


below scapula in the 7th interspace. First stage 
thoracoplasty was done on October 18, 1940. Upper 
six ribs were removed. Schede operation was carried 
out on November 8, 1940. Pleural space was con- 
siderably smaller since thoracoplasty; 7th, 8th, and 
oth ribs were removed together with thickened 
parietal pleura and regenerated ribs. Patient was in 
poor condition throughout operation. Because pa- 
tient refused a muscle plastic operation, anterior 
thoracoplasty was done to close remaining pleural 
space. Costal cartilages and 2 inches of correspond- 
ing ribs were removed. However, no shrinkage of 
space occurred because of “roofing mechanism” of 
scapula. Wound smears were always negative for 
tubercle bacilli (Fig. 12). 

Muscle plastic operation was performed on June 
II, 1943. Exposed lung measured 4 inches by 2 
inches. Latissimus dorsi was atrophied and thinned 
out. Erector spinae seemed better nourished. Both 
muscles were implanted into space, after resection of 
lower end of scapula. Adequate filling of space re- 
sulted. At time of plastic operation patient’s state of 
nutrition was poor, weight 93 pounds. Pus loculated 
under skin flap but within 3 months wound was well 
healed and patient ready for discharge (Fig. 13). 


This patient presented an empyema space 
that resisted all efforts at healing, especially 
because of overlying scapula. Anterior thora- 
coplasty operation failed to close the space. 
Muscle plastic operation could have been per- 
formed 2 years earlier, and probably would 
have shortened her hospital stay considerably. 


Fig. 16. 
A subsequent muscle plastic operation by the author 
yielded a successful result. 
Fig. 16. Few weeks after successful muscle plastic 
closure. Firm primary union; no more drainage. Patient 
now ready for active and passive motion. 


CasE 5. Patient S.W., a white male, 30 years of 
age, was admitted to Sea View Hospital, August 1, 
1040. He had a history of onset of disease in July, 
1939, and was admitted to Kings County Hospital, 
November, 1939. Pneumothorax was carried out in 
December, 1939, instituted on right side. Pneu- 
monolysis was attempted in January, ro4o. Fluid 
developed March, 1940. On admission to Sea View 
Hospital, the pathology was: right caseous pneu- 
monic tuberculosis with tuberculous empyema. 
Thoracotomy was done on November 6, 10940. 
Drainage tube was inserted between ribs. First 
stage thoracoplasty was carried out on November 
15, 1940. Second stage thoracoplasty and Schede 
operation were both done December 10, 1940. 
Anterior thoracoplasty on February 27, 1942, was 
performed as an attempt to close the residual pleural 
space. But this was unsuccessful (Fig. 14). Closure 
of empyema space was attempted by a skin and sub- 
cutaneous tissue flap. Most of this sloughed, leaving 
behind extensive dense scar tissue (Fig. 15). 

Muscle plastic closure on November 12, 1943, was 
performed by the author according to technique 
described. Lower half of scapula was resected. 
Latissimus dorsi was almost nonexistent from sec- 
tioning at previous operations. Therefore, a pedicled 
muscle flap was formed from erector spinae muscle, 
and this almost completely covered exposed lung. 
Skin edges were approximated, but under tension. 
However, wound healed by primary union (Fig. 16). 


This case illustrates the failure in open 
chests to cover exposed lung simply by utiliz- 
ing skin and fat pedicled grafts. An accom- 
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panying bronchopleural fistula cannot be 
closed by such means and only results in an 
infected wound with operative failure. 


CasE 6. Patient S.C., a Porto Rican male, 30 
years of age, was admitted to Sea View Hospital, 
April 3, 1941, with a history of disease first discov- 
ered in October, 1938, when roentgenograms and 
sputa were found positive. He was.admitted to Sea 
View Hospital, April 3, 1941, with positive sputum. 
There was a left upper lobe cavity with an ineffectual 
pneumothorax and Gaffky VIII fluid. Sputum 
turned negative. Fluid also contained pyogenes. 
Lung failed to re-expand with oxygen lavage. 
Sputum was again positive. 

Thoracotomy was performed on May 7, 1942. 
First stage thoracoplasty was carried out on left side, 
May 14, 1942. Schede operation was performed May 
28, 1943. Parietal pleura and regenerated ribs were 
excised. In addition, scapula was resected and 
latissimus dorsi freed and cut in preparation for a 
muscle flap at some future date. 

Muscle plastic closure was carried out on October 
22, 1943. Patient was a thin, emaciated male, 
weighing about 75 pounds. At the Schede operation 
5 months ago, the scapula was resected, and the 
latissimus dorsi completely freed and sectioned dis- 
tally in preparation for a later muscle flap closure. 
However, this muscle and the scapular muscles were 
hard, fibrous, and atrophic because of previous mo- 
bilization. There was a draining sinus of caseated 
material and pus under the subcutaneous tissue 
overlying the scapula. Exposed lung measured 3 
inches by 5 inches and the residual pleural space bur- 
rowed under the scapula. At the top of the space, a 
loose sequestrum of bone was found. The patient’s 
remaining pleural cavity was considered complete 
and extended upward to the apex of the lung. 

The operation consisted in making a muscle flap of 
the erector spinae since the scapular and latissimus 
dorsi muscles were atrophic and not supple enough 
to meet the requirements of muscle fills. All draining 
sinuses and caseated material were curetted and ex- 
cised as thoroughly as possible. Skin and fat flaps 
were coapted completely to cover all raw surfaces. 

This wound was totally different from any pre- 
vious wound. Purulent material with muscle 
sloughs poured from the wound at each dressing. 
The wound edges separated and the muscle flap was 
observed to be entirely loosened and bathed in pus. 
The patient went steadily downhill, with high fever, 
rapid pulse, and loss of weight. Pus and caseated 
material continued to bathe the entire wound. Pa- 
tient expired December 18, 1943 about 2 months 
following operation. A postmortem examination re- 
vealed an inspissated cavity of left lower lobe. The 
immediate cause of death was: (1) bronchopneu- 
monia; (2) healed infarct left ventricle of heait; 
(3) peptic ulcer; (4) miliary tubercles of spine, 
spleen, kidney, liver and prostatic gland; (5) caseous 
tuberculosis of lungs. 


This was the only failure and fatality in this 
series and in retrospect the following observa- 
tions are significant: (1) Such an emaciated 
individual was a poor subject for a muscle flap 
operation, especially since at a previous op- 
eration the scapular and latissimus dorsi 
muscles were mobilized and severed. This 
procedure rendered them atrophic and useless 
as muscle fills. (2) The underlying lung 
pathology was misjudged and its caseous 
nature was not realized until the time of op- 
eration. Asa result, not only was the tubercu- 
lous disease activated locally throughout the 
wound but a severe hematogenous spread 
resulted. 


CONCLUSIONS 


1. A muscle plastic operation is described 
for the closure of the wide open chest following 
the Schede operation. 

2. The accepted treatment for tuberculous 
empyema is radical surgery: thoracotomy, 
thoracoplasty, and Schede operations. The 
anatomical result is a wide open chest with 
exposed lung, taking months and years to 
close if spontaneous closure’ takes place at 
all. 

3. A muscle plastic closure cannot be satis- 
factorily accomplished at the time of the 
Schede operation. The reasons are: the toxic 
condition of the patient with an empyema 
cavity, and the failure of muscle flaps to ad- 
here in the presence of severe infection, es- 
pecially if the tubercle bacillus is a causative 
factor. 

4. The operation should be planned far in 
advance so that at the time of the thora- 
coplasty and Schede procedures, a minimum 
amount of extracostal musculature will be 
traumatized or sacrificed. 

5. Small residual empyema cavities may be 
closed by resecting the scapula and implanting 
a pedicled flap of scapular and latissimus dorsi 
muscles. Larger chest defects require, in addi- 
tion, a graft of erector spinae muscle to cover 
the exposed lower lung. 

6. Postoperative wounds heal by primary 
union as early as 4 to 6 weeks. On the other 
hand, if left to close spontaneously, patients 
with open chest wounds remain in the hospital 
as long as 3 years. 
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7. Six patients have been operated upon 
according to this technique, with success in 5 
cases and failure in 1. All 5 patients are well 
enough to earn a livelihood in part at least, 
and 1 patient went through childbirth without 
incident. 

8. The unsuccessful result occurred in an 
emaciated individual, weighing about 75 
pounds, who had an unrecognized caseous 
focus in his lung at the time of operation. The 
result was extensive tuberculous infection in 
the wound and a hematogenous dissemination 
throughout the body. 

g. The principles involved in this operation 
have been successfully used by the author in 
treating patients with chest defects resulting 
from nontuberculous empyema. The absence 
of tuberculous inflammation in such cases 
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makes for less chance of complications and 
more rapid wound healing. 

Since the completion of this article for 
publication, a 7th patient was operated upon 
at another hospital according to the technique 
described. The wound healed completely in 2 
weeks at which time the patient was dis- 
charged from the hospital. 
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HYPERACTIVITY OF VASOCONSTRICTOR NERVES IN 
RELATION TO SHOCK 


An Experimental and Clinical Study 


PAUL W. SCHAFER, M.D., Chicago, Illinois 


T is an old teaching that shock may 
develop as a complication of wounds and 
operations through the influence of the 
nervous system upon the circulatory 

system. The commonest theory of the method 
of action has been that vasodepressor nerve 
impulses are set up either by the wound or 
psychically which result in vasodilation and 
hypotension. Among the objections to this 
theory, a serious one is that both clinical and 
experimental studies have shown that in shock 
the blood vessels have ordinarily been found 
in a state of vasoconstriction. The literature 
on this subject has been reviewed by Andrus. 
A common explanation given for the vasocon- 
striction is that it arises secondary to a reduc- 
tion of the circulating blood volume and 
represents an attempt to adjust the vascular 
bed to the remaining blood volume thus main- 
taining an adequate circulation (3). As the 
blood volume is reduced, there is a concomi- 
tant reduction in intravascular pressure which 
reduces the amount of stimulation of the 
carotid sinus and aortic depressor nerves, 
thereby permitting increased activity of the 
vasoconstrictor nerves. However, when the 
circulating. blood volume is reduced beyond a 
certain point, the blood pressure remains low 
despite this increased vasoconstrictor activity 
and the combined factors of reduced circu- 
lating volume, low pressure, and vasoconstric- 
tion predispose to shock. 

“Nociceptive stimuli” from the trauma- 
tized regions have been held to lower blood 
pressure and produce shock without precise 
statement as to the structures acted on by the 
stimuli (6). 

Page has reported the appearance of a vaso- 
constrictor substance in the blood during shock 
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induced by trauma, hemorrhage, and burns, 
and considers this a factor in the production 
of the vasoconstriction. 

Another theory advanced by Freeman (7) 
and Cannon on the basisof animal experiments 
is that shock may be initiated in the presence 
of a normal blood volume by fright and pain or 
other great emotional excitement, which cause 
hyperactivity of the sympathoadrenal system 
with pronounced and extensive vasoconstric- 
tion except in the heart and skeletal muscles. 
Their theory is that vasoconstriction is at 
once a protecting and a damaging response; 
protecting in that it maintains the circulating 
blood volume for the vital centers, and dam- 
aging in that it decreases nourishment of the 
tissues of the body in general and thus causes 
peripheral capillary damage, loss of plasma 
into the tissues, fall of blood pressure, and 


‘shock. Vasoconstriction precipitated by pain- 


ful impulses from the injured field or by im- 
pulses arising in the higher centers during 
emotional states of fright and stress consti- 
tutes a specific application of the ‘emergency 
function” of adrenalin described by Cannon. 
Freeman has also reported that because of loss 
of vasoconstriction, sympathectomized 
animals were protected from shock due to 
hemorrhage. 

These authors reported no clinical cases of 
shock initiated by acute hypertension as evi- 
dence of increased vasoconstriction which 
would be expected in the earlier stages before 
the onset of low blood pressure and other man- 
ifestations of the shock syndrome. Nor has it 
been possible to find any report of such cases 
in the literature since the theory was advanced. 

Other experimental studies have failed to 
support the theory of Freeman and Cannon. 
Prohaska, Harms, and Dragstedt administered 
adrenalin to unanesthetized dogs continuously . 
over periods as long as 2 weeks, in doses much 
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TABLE I.—CHANGES OBSERVED IN THE BLOOD 
PRESSURE, HEMATOCRIT AND HEMOGLOBIN 
OF 8 DOGS WITH PROPRIOCEPTOR DEPRES- 
SOR NEUROTOMY. ; 


_ After 
proprioceptor depressor 
neurotomy 


Before 


proprioceptor depressor 
neurotomy 


Hemo- Hemato- 
globin crit 
gm./100c.c. per cent 


241 15-4 


243 16.7 


244 18.9 


245 18.4 


247 15.6 15.4 


250 16.5 19.2 


251 18.7 17.8 


252 12.9 12.0 


Aver- 
age 16.6 189 51 


17.9 


The values in columns 2, 3, and 4 were obtained before and those in 
the last three columns, immediately after recovery from anesthesia 
(intravenous evipal—4o mgm./kgm. of body weight). 


larger than those given by Freeman for a few 
hours, which maintained the animals in mod- 
erate hypertension without the production 
of shock. The adrenalin produced death by 


inhibition of gastrointestinal motility and 
derangement of carbohydrate metabolism. 
Hamlin and Gregersen criticized the work of 
Freeman because of the large amount of adren- 
alin administered, the inaccuracy of the meth- 
od of plasma volume determination, and their 
own failure to find in cats a reduction in plasma 
volume and shock after adrenalin administra- 
tion at a rate four times that found by Cannon 
in response to afferent nerve stimulation. This 
was true both for normal and sympathecto- 
mized animals under both nembutal and local 
anesthesia. Wiggers found fault with the 
theory for the following reasons: (1) It has not 
been demonstrated that the total resistance to 
outflow from the aorta is increased by early 
shock. (2) Experimental hypertension pro- 
duced by the Goldblatt method and clinical 
hypertension, in both of which total peripheral 
resistance is increased, do not cause shock. (3) 
Shock is not produced in experimental animals 
by prolonged stimulation of the sympathetics. 
(4) A dose of adrenalin large enough to cause 
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shock damages the heart and the pulmonary 
circulation. (5) Vasoconstriction of the spleen 
throws out more blood into the circulation and 
tends to prevent shock. He concludes by stating 
that vasoconstriction in shock is a helpful 
rather than a harmful state. 

That Freeman has rejected the theory for 
man is shown by his recent report with Freed- 
man and Miller (8) on shock production in 
unanesthetized dogs by prolonged continuous 
injection of adrenalin which states “‘there is 
no evidence that clinical shock in humans is a 
result of overproduction of adrenalin.” 

Both experimental and clinical studies have 
been carried out in an attempt to test the val- 
idity of the sympathoadrenal theory of shock. 


PART I. —HYPERACTIVITY OF VASOCONSTRICTOR 
IMPULSES AS A CAUSE OF SHOCK TESTED 
EXPERIMENTALLY BY SECTION OF THE 
AORTIC DEPRESSOR AND CAROTID SINUS 
PROPRIOCEPTIVE NERVES (PROPRIOCEPTOR 
DEPRESSOR NEUROTOMY) 


One of the most intense and prolonged vaso- 
constrictions that it is possible to produce 
experimentally is that observed following sec- 
tion of the aortic depressor and carotid sinus 
proprioceptive nerves. Excision of the carotid 
sinuses has been found to destroy more com- 
pletely the carotid sinus nerves than attempts 
to section all of the carotid sinus nerve branches 
(Heymans, et al.). With these depressor 
pathways ablated, the animal is constantly 
subjected to overactivity of a reflex which 
ordinarily causes vasoconstriction whenever 
the systemic blood pressure is lowered. This 
increased vasoconstriction is evidenced in these 
animals by a marked hypertension, occasion- 
ally measuring over 300 millimeters of mer- 
cury, and can be experimentally demonstrated 
by the presence of a high resistance to perfu- 
sion of the radicles of distribution of a severed 
artery. Heymans reported an increased output 
of adrenalin by such animals. However, 
Trendelenburg tests on toads with blood from 
hypertensive dogs of this series of experiments 
failed to reveal a positive test for hyperad- 
renalemia. It would appear that if hyperac- 
tivity of the sympathoadrenal system is of 
importance in the causation or aggravation of 
shock, normal animals made hypertensive by 
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section of the aortic depressor and carotid sinus 
proprioceptive nerves would be predisposed to 
shock and surviving animals might withstand 
shock due to hemorrhage less well than normal 
animals. Experiments to test the first point 
were carried out as follows: 

The technique for depressor nerve ablation 
is that originally described by Heymans and 
has been repeatedly used successfully in this 
laboratory by Grimson and the author (16) in 
the past 4 years. The operation is carried out 
under light ether anesthesia with morphine 
and atropine premedication, and recently, we 
have used intravenous evipal. The neck is 
opened in the midline through a generous inci- 
sion centered slightly below the hyoid bone. 
By blunt dissection the carotid sheaths are ex- 
posed bilaterally. Usually the right sheath is 
opened first and the vagosympathetic trunk 
brought into view with as little disturbance of 
normal relationships as possible. The trunk is 
then dissected and the central shiny, white, 
compact core of vagal fibers identified. This 
vagal core is preserved and a 2 centimeter 
length of the remaining portion of the vago- 
sympathetic trunk excised. The right common 
carotid artery and at least 2 centimeters of the 
internal carotid and the external carotid and 
its branches are mobilized. Ligatures are then 
placed about the latter vessels near the skull 
and tied. The common carotid artery is also 
tied and the mass between the two ligatures 
is excised. This resection thus includes the 
internal, external,and common carotid arteries, 
the carotid bifurcation, the carotid sinus, and 
the carotid sinus nerves. On the left side the 
procedure is carried out as described except 
that a 2 centimeter segment of the entire vagus 
trunk, including the cervical sympathetic 
chain and aortic depressor nerves, is excised. 
The skin is then closed. 

Soon after this operation, the dog’s mean 
arterial blood pressure as measured by needle 
puncture and mercury manometer is often 
elevated to 200 millimeters of mercury but fre- 
quently it returns in a few minutes tothe 
vicinity of the previous level only to become 
elevated after the animal has recovered from 
the acute effects of the operation. Table I indi- 
cates the blood pressure records of 8 dogs 
recently subjected to proprioceptor depressor 
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TABLE II.—CHANGES OBSERVED IN THE BLOOD 
PRESSURE, HEMATOCRIT AND HEMOGLOBIN 
OF AN 8.6 KILOGRAM MALE DOG. WITH 
PROPRIOCEPTOR DEPRESSOR NEUROTOMY. 


Dog No. 247 


Hemoglobin 


Blood pressure 
Date mm. Hg. gm./100 c.c. 


Control 150 
9/30—Proprioceptor depressor 


15.6 


10/2 


10/3 
10/5 
10/7 


10/11 


10/15 
10/27 


11/11 


neurotomy and Table II indicates in more 
detail the record of one of these dogs over a 
period of 41 days. Blood pressure readings on 
a given dog may vary by as much as 60 milli- 
meters between extremes, but all readings are 
at an increased level, almost always above 200 
millimeters and usually above 250 millimeters 
of mercury. For the past 2 years we have ob- 
served an animal with a blood pressure con- 
sistently in excess of 300 millimeters of 
mercury and readings as high as 340 milli- 
meters have been obtained with the animal 
conditioned to lie on its back and only gently 
restrained. Characteristically, these animals 
present no untoward symptoms and as yet 
have not been observed to develop signs com- 
parable to those seen in the late stages of 
experimental hypertension produced by the 
Goldblatt method. To date complete para- 
vertebral sympathectomy has been found to 
be an effective means of lowering the blood 
pressure of these animals for prolonged periods. 
However, there is a tendency for a gradual 
progressive elevation of blood pressure but 
usually not to levels in excess of 200 milli- 
meters of mercury. This late rise observed 
months after operation is presumably due to 
re-establishment of sympathetic function. 
With improvement in operative technique 
and more experience with the operation, the 
mortality rate, early and late, has progressively 
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TABLE III.—BLOOD PRESSURE CHANGES OB- 
SERVED IN 27 DOGS WITH LONG STANDING 
HYPERTENSION FOLLOWING PROPRIOCEP- 
TOR DEPRESSOR NEUROTOMY. 


Blood pressure (mm. Hg.) Duration of 
hypertension 
Dog No. Before Range Average — 
depressor during during 
nerve section|chronic period|chronicperiod| Living |Sacrificed 
678 142 210-260 430 42 
598 143 310-340 330 24 
326 138 170-210 184 22 
557 142 200-224 212 24 
305 130 190-218 203 6 
310 146 170-204 191 2 
309 138 164-225 193 7 
4o1* 140 t 210 2 
597* 170 220-260 243 12 
304* 120 t 240 1.5 
303* 140 220-304 255 25 
450* 124 204-212 206 16 
620* 156 270-270 270 12 
453* 142 180-260 215 22 
735 133 222-300 230 2 
139 126 228-272 257 2.5 
49 132 184-234 220 6 
712 133 198-292 240 2 
23 138 256-258 257 I 
22 134 192-238 212 2.5 
114 142 194-246 227 15 
806 169 178-234 201 2 
282t 128 242-284 226 28 
28st 158 206-286 234 28 
82t 132 180-256 224 16 
560t 138 542-234 193 22 
234t 136 182-238 210 14 
Averages! 140 204-254 227 


“ I (*)-Incl. in Group III (t)-Less than 3 readings 
fallen. An occasiona] animal has died on the 
operating table of what appeared to be reflex 
arrest of heart action or of respiration during 
dissection or manipulation in the region of the 
carotid sinus or carotid sinus nerves. Death 
was instantaneous and on only two occasions 
was cardiorespiratory activity restored by 
artificial respiration, administration of stimu- 
lants, and the generous use of intravenous 
fluids. A few of the dogs died in the first 3 or 4 


postoperative days with inability to take food 
and water and with persistent vomiting and 
loss of weight. This complication is similar to 
the course seen following double vagotomy 
and, of course, in this operation the great ma- 
jority of the vagal fibers are transected. In a 
series of 10 dogs operated on consecutively, 
only 1 died, on the 6th postoperative day after 
persistent vomiting and progressive loss of 


_ weight. Not all of the animals which survive 


the operation develop hypertension, presum- 
ably due to the fact that all of the depressor 
fibers in the vagus are not sectioned. At no 
time have we observed a protracted vasode- 
pression with the signs and symptoms of surgi- 
cal shock. Table III contains the pressure 
changes observed in 27 dogs subjected to pro- 
prioceptor depressor neurotomy. Their blood 
pressures before operation ranged from 120 to 
170 millimeters of mercury with a general 
average of 140 millimeters of mercury. During 
the chronic period of observation, their aver- 
age range of fluctuation was from 204 to 254 
millimeters of mercury with an average for all 
animals during the chronic period of 227 milli- 
meters of mercury. 


PART II.—THE EFFECT OF GRADED HEMORRHAGE 
ON ANIMALS WITH CHRONIC VASOCON- 
STRICTOR HYPERACTIVITY PRODUCED BY 
PROPRIOCEPTOR DEPRESSOR NEUROTOMY 


Young, healthy dogs were used which all 
had been under observation for periods rang- 
ing from 4 months to 214 years. Twelve dogs 
had been subjected to proprioceptor depressor 
neurotomy from 6 weeks to 28 months before 
the time of acute experimentation. Two dogs 
had had complete paravertebral sympathec- 
tomy done 16 and 18 months previously. Five 
dogs had had no previous surgery and were 
used as controls. 

Plasma volume determinations were made 
on each animal before experimentation was 
begun. For this purpose dilution curves of the 
blue dye, T-1824, were utilized. Dye concen- 
trations were measured in serum samples by 
means of the Evelyn photoelectric microcolori- 
meter. Control hematocrit and hemoglobin 
readings were also made. The Van Allen hema- 
tocrit was utilized because of the small volume 
of blood required for the determination. He- 
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moglobin levels were measured by means of the 
Evelyn photoelectric macrocolorimeter. In 
each case a control mean arterial blood pres- 
sure reading was made by direct needle punc- 
ture of the femoral artery, the needle being 
attached to a Kaufman syringe connected to a 
mercury manometer. Total blood volume was 
calculated from the plasma volume and the 
hematocrit using the formula: total blood vol- 
ume equals the plasma volume divided by one 
hundred minus the hematocrit. Most of the 
animals with chronic hypertension used in 
these tests had had frequent blood volume and 
blood pressure readings before the time of 
acute experimentation and in each case the 
determination made at the beginning of the 
acute experiment was not significantly differ- 
ent than those previously recorded. 

The animals were classified into 4 groups: 
Group I—5 dogs with long standing proprio- 
ceptor depressor neurotomy tested under local 
anesthesia; Group II—5 normal dogs tested 
under local anesthesia; Group III—7 dogs 
with proprioceptor depressor neurotomy tested 
under chloralose anesthesia; Group IV—2 
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GROUP I 
DOGS WITH DEPRESSOR NERVE SECTION 
LOCAL 
AVERAGE HEMORRHAGE - 35.4% 


TIME-HOURS 
Fig. 1. Composite blood pressure curve of 5 chronically 
subjected to graded hemorrhage. 


dogs with complete paravertebral sympathec- 
tomy tested under chloralose anesthesia. 


RESULTS 


Group I. These 5 chronically vasoconstricted 
animals were all subjected to the following 
program of graded hemorrhage: First, under 
procaine infiltration anesthesia, the femoral 


TABLE IV.—EFFECT OF GRADED HEMORRHAGE ON 5 DOGS WITH LONG STANDING NEUROGENIC 
HYPERTENSION. Group I.—Dogs with depressor nerve section—local anesthesia 


Blood pressure (mm. Hg.) 


Weight 
(kgm.) 


Duration of 
hy 


ic 
Before depressor (months) 


e duri 
nerve section 


chronic peri 


15.5 128 226 28 


158 234 28 


132 _ 224 16 


138 193 22 


136 14 


138 


Amount bled 


Hemoglobin 
(per cent) 


gms./100 c.c. 


by dye b: body 


27.2 


37-5 
32.5 
35.0 


45.0 


35-4 


d 
d 20 
0 
y 180 
a 140 
yy 
> 
100 
of 
)- 
d 
0 
g 
4 
ll 
Dog No. | sior 
218 
e 216 19.2 
21 
C- 214 13.7 
ye Averages | | 217 204 22 
re 
le Total Survival af 
ter 
1S Dog No. blood onset of 
(cont.) volume bleeding 
1e c.c. Cc. (minutes) 
y 218 | 1690 | 456 [| 29.5 66 56 19.0 15.6 . 310 
. 217 354 a 37-5 57 46 19.2 15.6 320 
n 216 | 1610 523 27.0 51 46 16.9 15.0 270 
a- 215 3890 35.0 55 40 16.6 13.7 310 
1e 214 486 [| 35-5 5° 30 17.7 10.0 480 
e- Averages 33.0 56 44 17.9 14.0 340 
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GROUP IL 


NORMAL DOGS 
LOCAL ANESTHESIA 
AVERAGE HEMORRHAGE -365% 


TIME -HOURS 
Fig. 2. Composite blood pressure curve of 5 normal dogs 
subjected to graded hemorrhage. 


arteries were exposed. At one-half hour inter- 
vals a sample of 1 cubic centimeter of blood for 
hematocrit and hemoglobin determinations 
was drawn from one femoral artery and mean 
arterial blood pressure measurement then 
made by connecting a mercury manometer to 
the needle used for obtaining the blood sample. 
Following this the animal was bled at half 
hour intervals from the opposite artery ac- 
cording to the method of Evans (2): At begin- 
ning of experiment—1o per cent of blood vol- 
ume as measured by dye method; 30 minutes 
after first bleeding, 5 per cent of blood volume; 
60 minutes after first bleeding, 214 per cent of 
blood volume, and 2% per cent of blood vol- 
ume each half hour thereafter until death 
occurred. 

As indicated in Table IV, these animals 
weighed from 9.4 to 19.2 kilograms and had 
had sustained vasoconstrictor hyperactivity 


for from 14 to 28 months. Their blood pressures 
ranged from 193 to 234 millimeters and aver- 
aged 217 millimeters of mercury, 80 milli- 
meters higher than their normal average of 
138 millimeters. Their total blood volumes 
varied from 945 to 1,690 cubic centimeters, 
their hematocrits from 50 to 66 per cent, and 
their hemoglobins from 16.6 to 19.2 grams per 
100 cubic centimeters. They survived bleeding 
of amounts ranging from 354 to 523 cubic 
centimeters or from 27.2 to 45.0 per cent of 
their measured blood volume. Using a figure 
for estimated total blood volume of 10 per cent 
of the body weight, they were bled from 27.0 
to 37 per cent of their volume as calculated by 
this method. They survived bleeding of an 
average of 35.4 per cent of their total blood 
volume as determined by dye dilution measure- 
ment or 33.5 per cent of their total blood vol- 
ume on the basis of body weight. The period 
of survival varied from 270 to 480 minutes, 
with an average of 340 minutes. In each animal 
hemodilution was observed, the hematocrit 
falling from 5 to 20 per cent with an average 
of 12 per cent, and the hemoglobin falling from 
1.9 to 7.7 grams per 100 cubic centimeters, 
with an average of 4.1 grams per 100 cubic 
centimeters. As seen from the composite graph, 
(Fig. 1), the blood pressure fell sharply early 
in the course of bleeding and then only slightly 
during the major portion of the period of 
hemorrhage, the decline becoming more pre- 
cipitous in the hour before death. 

Group II. These 5 normal control animals 
were subjected to the same experimental pro- 
cedure as outlined for Group I. As indicated in 
Figure 6, they weighed from 8.2 to 12.2 kilo- 


TABLE V.—EFFECT OF GRADED HEMORRHAGE ON 5 NORMAL DOGS. Group Il—Normal dogs— 
local anesthesia 


Amount bled 


Hematocrit Hemoglobin 


% vol. 
by dye 
method 


(per cent) gms./r100 c.c. 


weight Initial Terminal| Initial | Terminal 


56.0 49 19-5 


36.5 17-4 


23.0 15.1 


19.5 


14.6 


17.2 
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grams, and their blood pressure ranged from 
120 to 140 millimeters of mercury. Their total 
blood volumes varied from 810 to 1,020 cubic 
centimeters, their hematocrits from 44 to 57 
per cent, and their hemoglobin from 14.6 to 
19.5 grams per 100 cubic centimeters. They 


survived bleeding of amounts ranging from . 


189 to 510 cubic centimeters, or from 22.5 to 
50 per cent of their measured total blood vol- 
ume. Using a normal figure for total blood 
volume of 10 per cent of the body weight, they 
were bled from 22.0 to 56 per cent of their 
volume on this basis. They survived bleeding 
of an average of 36.5 per cent of their total 
blood volume as determined by dye dilution 
measurement or 35.6 per cent on the basis of 
body weight. The period of survival varied 
from 120 to 435 minutes, with an average of 
285 minutes. In 4 animals hemodilution was 
observed, the hematocrit falling from 8 to 14 
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GROUP IIL 
DOGS WITH DEPRESSOR NERVE 
CHLORALOSE ANESTHESIA 
AVERAGE HEMORRHAGE ~- 36.4 % 


FiMe -HOURS 
Fig. 3. Co ite blood pressure curve of 7 chronically 
subjected to graded hemorrhage. 


per cent, and the hemoglobin falling from 3.0 
to 5.4 grams per 100 cubic centimeters. One 
animal exhibited a rise in hematocrit from 44 


TABLE VI.—EFFECT OF GRADED HEMORRHAGE ON 7 DOGS WITH LONG STANDING NEUROGENIC 
HYPERTENSION. Group III—Dogs with depressor nerve section—chloralose anesthesia 


Blood pressure (mm. Hg.) 


of 


Weight 
(kgm.) 


ic 
(months) 


255 


Hematocrit 


(per cent) Survival after 


onset of 
bleeding 


Initial (minutes) 


53 


56 


55 


5° 


53 


$2 


52 


53 


r- 
i- 
180 
140 
id 
er 100 
g 
1C 60 
of 
re 20) 
it 
n 
d 
d 
S, 
al 
m 
Before depressor At beginning of 
1c nerve section a: acute experiment 
h, 213 10.0 140 220* 25 
ly 212 10.4 120 240* 1.5 
y 197 13.2 170 243 240* 12 
® 196B 15.9 124 206 150* 16 

196A 13.9 156 270 220* 12 
ls 195 14.7 140 260 220* 22 
)- 192 8.3 140 210* 2 
Averages 141 247 214* 12.9 
: 
Amount bled 
Dog No. blood ] 
method weight 

ter 213 1030 | 309 30.0 31.0 46 18.1 16.4 285 
212 | ogo | 376 40.0 36.0 Hi 46 19.2 16.0 120 
197 | | 402 35.0 30.5 48 18.3 15.5 220 
> 196B | 1300 520 40.0 32.5, aT 44 15.9 14.2 340 
196A | 1260 | 756 . 60.0 54-5 | 52 18.0 17.5 
= 195 | 1020 | 306 30.0 21.0 49 17.5 16.4 190 
192 | 810 162 20.0 19.5 53 330 
a Averages 36.4 32.0 | 48 17.8 16.0 240 
*Dog anesthetized 
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TABLE VII.—EFFECT OF GRADED HEMORRHAGE ON 2 SYMPATHECTOMIZED. DOGS. Group ai 
Sympathectomized dogs—chloralose anesthesia 


Blood Pressure (mm. Hg.) 


chronic hypotensio: 
Before (months) 


Average during 
sympathectomy 


chronic period 
140 133 16 


140 132 18 


140 132 17 


Amount bled 


Dog No. 
(cont.) 


Hemoglobin 
gms./100 c.c. 


Hematocrit 
(per cent) 


Survival after 


Terminal Terminal 


200 


48 i 16.2 


199 


41 14.0 


Averages 


45 


*Dog anesthetized 


to 52 per cent and in hemoglobin from 15.5 to 
17.9 grams per 100 cubic centimeters. Thus for 
the entire group there was an average decrease 
in hematocrit of 6.5 per cent and in hemoglobin 
of 2.5 grams per 100 cubic centimeters. As 
seen from the composite graph (Fig. 2), the 
blood pressure maintained a more steady rate 
of decline throughout the entire experiment, 
than was the case in Group I (Fig. 1), with less 
sharp initial and terminal periods of decline. 

Group III. These 7 chronically vasocon- 
stricted animals were subjected to a somewhat 
different experimental procedure than that 
used for the preceding two groups. After control 
blood volume, blood pressure, hematocrit and 
hemoglobin readings had been made, the ani- 
mals were anesthetized by means of chlora- 
lose, 100 mil’. ams per kilogram of body 
weight, givet) intravenously in aqueous solu- 
tion. Continuous blood pressure recordings 
were made on a smoked drum, heparin being 
used in the cannula as an anticoagulant. From 
the opposite femoral artery, the animals were 
then bled at the rate of 10 per cent of their 
blood volume each 10 minutes until a blood 
pressure of 70 millimeters of mercury was 
reached and maintained. The blood volume 
figure used as the basis for this calculation was 
obtained by dye measurement before anesthe- 
sia. If an animal recovered a blood pressure of 
more than 70 millimeters of mercury later in 
the experiment, there was an additional bleed- 


ing of 5 or 10 per cent of the blood volume, 
depending on the response to bleeding at that 
time. Three of the 7 dogs were each once sub- 
jected to an additional bleeding for this reason. 

As indicated in Table VI, these animals 
weighed from 8.3 to 15.9 kilograms and had 
had sustained vasoconstrictor hyperactivity 
for from 6 weeks to 25 months. Their blood 
pressures ranged from 206 to 270 millimeters 
and averaged 247 millimeters, over 100 milli- 
meters higher than their normal average of 
141 millimeters of mercury. Under anesthesia 
their pressures ranged from 150 to 240 milli- 
meters, averaging 214 millimeters, 75 milli- 
meters higher than their normal average. Their 
total blood volumes varied from 810 to 1,300 
cubic centimeters, their hematocrits from 50 to 
56 per cent, and their hemoglobin from 15.9 to 
19.2 grams per 100 cubic centimeters. They 
survived bleeding of amounts ranging from 
162 to 756 cubic centimeters, or from 20.0 to 
60.0 per cent of their measured total blood 
volume, or from 19.5 to 54.5 per cent of their 
volume estimated from body weight. They 
survived bleeding of an average of 36.4 per 
cent of their total blood volume as determined 
by dye dilution measurement of 32.0 per cent 
of their total blood volume on the basis of 
body weight. The period of survival varied 
from 120 to 340 minutes, with an average of 
240 minutes. In all but 1 animal a blood dilu- 
tion was observed, the hematocrit falling from 
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1 to 10 per cent and the hemoglobin falling 
from 0.5 to 3.2 grams per 100 cubic centi- 
meters. One animal exhibited a rise in hema- 
tocrit from 52 to 53 per cent. Thus for the 
entire group there was an average decrease in 
hematocrit of 5 per cent and in hemoglobin of 
2 grams per 100 cubic centimeters. Asseen from 
the composite graph (Fig. 3), the blood pres- 
sure fell sharply during the short period of 
bleeding and then continued in a fairly rapid 
decline until death. 

Group IV. Two sympathectomized animals 
were subjected to*the same experimental pro- 
cedure outlined for Group IIT. As indicated in 
Table VII, they weighed 12.8 and 16.7 kilo- 
grams and the blood pressure of both during 
the chronic period was 132 millimeters and 
after anesthesia 110 millimeters, 30 milli- 
meters lower than their normal average of 140 
millimeters of mercury. Their total blood vol- 
umes were 925 and 1,195 cubic centimeters, 
their hematocrits 46 and 45 per cent, and their 
hemoglobin 15.3 grams per 100 cubic centi- 
meters. They survived bleeding of 370 and 399 
cubic centimeters, or 40 and 30 per cent of 
their measured blood volume, respectively. 
They were bled 29.0 and 21.5 per cent of their 
volume on the basis of body weight. They sur- 
vived bleeding of an average of 35.0 per cent 
of their total blood volume as determined by 
dye dilution measurement or 25.0 per cent of 
their total blood volume as calculated on the 
basis of body weight. They survived 140 and 
320 minutes respectively with an average sur- 
vival period of 230 minutes. No changes of 
significance were noted in their hematocrit and 
hemoglobin readings during the course of the 
experiment. As seen from the composite graph 
(Fig. 4), their blood pressure went into a 
rather sharp, steady decline from the time of 
onset of bleeding until death. 


PART III.—HYPERACTIVITY OF THE SYMPATHO- 
ADRENAL MECHANISM AS A CAUSE OF 
SHOCK EVALUATED BY A REVIEW OF 
CLINICAL CASES 


If hyperactivity of the sympathoadrenal 
system is of i importance as a primary etiological 
factor in shock or if it plays a réle in predis- 
position to shock due to other primary causes, 
one might expect to obtain some supporting 
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e of 2 sympathec- 
tomized dogs subjected to graded hem 


orrhage. 


evidence such as elevated blood pressure be- 
fore the onset of shock by a review of selected © 
clinical cases. 

First, in a consideration of shock following 
accidental injury in otherwise healthy persons, 
the impressive feature of cases admitted to the 
University of Chicago Clinics has been the loss 
oi whole blood, either externally or into body 
cavities or tissues or the loss of blood and 
plasma into the traumatized tissues. The signs 
of vasoconstriction as evidenced by pallor, 
rapid pulse, poorly filled veins and scanty 
bleeding on skin puncture are usually present 
but only after the blood volume has been re- 
duced. If increased vasoconstriction initiated 
by pain and fright were the primary etiological 
factor, patients presenting this alteration 
without reduction of circulatory blood volume 
should exhibit a hypertension before the onset 
of shock. There is, however, practically no con- 
crete evidence for this to be found in the liter- 
ature. Grant and Reeve reported 100 London 
air raid casualties studied carefully but for 
very brief periods. Sixty-three patients had 
blood pressures under 100 millimeters of mer- 
cury and all had had severe hemorrhage. 
Twenty-eight had had blood pressures ranging 
between 100 and 140 millimeters of mercury 
with a record of hemorrhage-as follows: little 
or none 3, moderate 3, severe 18, and unknown 
4. Nine patients had biood pressures of 140 
millimeters of mercury or above and the 
record of hemorrhage was as follows: little or 
none 7, moderate 1, severe 1. The ages were as 
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Fig. 5. Four day blood pressure record of a 35 year old 
female with a medullary tumor (pheochromocytoma) of the 
right adrenal gland. Four distinct clinical attacks of 
paroxysmal hypertension occurred at points marked A. 


follows: 20 to 29 three, 30 to 49 two, over 50 
four. Some of the subjects were already hyper- 
tensive while others falling in the younger age 
groups seemed to have had an elevation of blood 
pressure as a reaction to injury. The number 
for each group was not stated. The pulse rates 
on admission ranged from 64 to 92. The in- 
juries varied from multiple minor wounds with 
little or no hemorrhage to severe wounds and 
hemorrhage. In some the blood pressure fell to 
normal within a few hours but in others it re- 
mained high for at least 1 or 2 days. All cases 
underwent operation without collapse and all 
survived the short periods of observation. 
Their clinical study lends little support to the 
theory that shock may be produced by pain 
and fright exciting hyperactivity of the sym- 
pathoadrenal system. 

A study was made of 44 subjects admitted 
to these clinics with fresh, major, accidental 
injuries all of which caused pain and many of 
which were associated with fright. These ,pa- 
tients had all sustained fractures of at least 
one of the following bones; femur, tibia, pelvis, 
spine, skull, and in many cases multiple frac- 
tures or considerable somatic and visceral soft 
tissue injuries were also present. Twenty-four 
of these patients had fractures of one or both 
femora and of these, 3 were in shock at the 
time of admission to the hospital, 8 had frac- 
tures of one or both tibiae and fibulae, none 
with shock, 9 had fractures of the skull, one 


with shock, and 4 had fractures of the pelvis, 
3 of whom were in shock on admission or 
shortly thereafter. The majority of the pa- 
tients reached the hospital within 2 hours after 
injury. Of the 7 patients who developed shock, 
6 were admitted with blood pressures as fol- 
lows: 90/50, 96/58, 85/70, 84/56, 86/60, and 
1 was not obtainable. One 62 year old female 
had a pressure of 140/88 on admission which 
fell to 80/60 3 hours later when she was in 
shock. Hypertension was not observed in the 
entire series either early or late. 

What has been said of hypertension in acci- 
dent cases holds also in general for patients 
without previous circulatory disturbance who 
undergo operation for conditions other than 
acute injury. Observations by our anesthetists 
of patients who were recognized as being 
frightened when they came to operation have 
shown that while the pulse may be accelerated, 
the blood pressure just before starting the 
anesthesia is usually unchanged, sometimes 
reduced, and very rarely elevated. Patients 
with thyrotoxicosis regularly display some 
degree of cardiac embarrassment and not in- 
frequently present with hypertension or ad- 
vanced cardiac disease. In the 4 year period 
ending February 1, 1943, 198 thyrotoxic pa- 
tients were subjected to subtotal thyroidec- 
tomy in this clinic, after preparation by rest, 
sedation, and iodine therapy. One patient died 
as a result of extensive blood loss and prolonged 
operation. None of the others went into shock 
although many had temporary elevations of 
blood pressure before, during, or after opera- 
tion and a few patients with blood loss had 
a fall of blood pressure and received transfu- 
sions either during or after operation for the 
prevention of shock. 

Next, in reviewing 567 consecutive cases of 
chronic hypertension subjected to major or 
minor operations other than sympathectomy 
in this clinic from February 1, 1939, to 
February 1, 1943, it was found that no case 
was recorded as having developed shock. How- 
ever, many of them had blood transfusions 
during and after operations accompanied by 
blood loss and without this replacement ther- 
apy shock might have developed. Eighteen 
patients underwent extensive sympathectomy 
for hypertension and marked lowering of blood 


172 
pre 
in 
I 
the 
cyt 
3 
of 
blo 
1Ze( 
g ned 
nes 
du 
ma 
pat 
if e 
obs 
du 
ma 
dey 
4 pat 
tur 
é anc 
pat 
per 
ciel 
pat 
tra 
nol 
] 
sele 
rep 
anc 
“a cas 
Hy 
tio! 
pat 
5 
4 
rise 
anc 
of 
| Bis 
dec 
dre 
sta 
hig 
otk 
the 
ad 


SCHAFER: HYPERACTIVITY OF VASOCONSTRICTOR NERVES AND SHOCK 


pressure resulted with supervention of shock 
in some cases. 

Lastly, patients with endocrine tumors of 
the medulla of the adrenal gland (pheochromo- 
cytomas) frequently have bouts of paroxysmal 
hypertension presumably due to the liberation 
of a pressor substance from the tumor into the 
blood stream. The attack is usually character- 
ized by a pounding headache, dyspnea, orthop- 
nea, palpitation, nausea, vomiting and weak- 
ness. But the blood pressure is always elevated 
during the attack and declines to approxi- 
mately the previous level on subsidence of the 
paroxysm and hypotension with shock is rarely 
if ever a sequel in attacks not associated with 
operations or major accidents. Figure 5 repre- 
sents the blood pressure of one such patient 
observed in this clinic for a period of 4 days 
during which time 4 definite bouts of paroxys- 
mal hypertension occurred but without the 
development of shock. However, when these 
patients are operated on for the removal of the 
tumor, they usually develop hypertension, 
and a state of surgical shock may follow. Three 
patients operated on in this clinic all had hy- 
pertension during operation. There was suffi- 
cient circulatory embarrassment from the 
paroxysm and blood loss to warrant blood 
transfusion in 2 cases but shock developed in 
none of them. 

Biskind, Mayer, and Beadner reviewed a 
selected group of 29 cases, 18 of which were 
reported to show some degree of shock during 
and immediately following operation. In 15 
cases it was severe. The recent review of 
Hyman and Mencher with a report of 2 addi- 
tional cases brought the world’s literature of 
patients operated upon up to 35. There were 
5 postoperative deaths in all of which shock 
played a réle. The blood pressure is prone to 
rise to a high level as the operation proceeds 
and to decline precipitously following removal 
of the tumor, often reaching shock levels. 
Biskind, Mayer, and Beadner state that the 
decline in pressure is probably due to the with- 
drawal of epinephrine or related pressor ‘sub- 
stances from arterioles grown accustomed to 
high concentrations of these materials. On the 
other hand, consideration should be given to 
the theory of overactivity of the sympatho- 
adrenal system with capillary damage, plasma 
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leakage, and reduction of the circulating blood 
volume. The usual occurrence of the decline in 
pressure immediately following, rather than 
before, the removal of the tumor speaks 
against this theory. Also adrenalin has been 
reported to be beneficial in combatting the 
low blood pressure which should not be the 
case were capillary damage and plasma loss 
from sympathoadrenal overactivity the cause 
in the first place. Although the pressor sub- 
stances entering the blood stream during op- 
eration for removal of a pheochromocytoma 
do damage to the circulation and predispose 
to shock, there is no evidence that a com- 
parable amount of such substances is ever put 
out by the normal adrenals of an injured per- 
son not harboring such a tumor. That injury 
may precipitate grave circulatory embarrass- 
ment in a person with a pheochromocytoma 
is illustrated by the following case: 


C. A., a 54 year old female, entered the hospital 
24 hours after falling on ice, striking her left hip. She 
experienced pain in the left hip and was unable to 
move her left lower extremity. Twelve hours before 
admission she became nauseated and vomited. Phys- 
ical examination at the time of admission revealed 
that the patient was in acute distress with pain on 
motion of the left lower extremity which lay in a 
position, of marked external rotation. She was rest- 
less, pale, cold and clammy, dyspneic, and perspiring 
profusely. Blood pressure was 268/110; pulse, 60; 
temperature, 98.0 degrees F.; red blood cells 6.55 . 
million; white blood cells 17.600. Urine was acid in 
reaction with specific gravity 1.030, +-+-+ albumin 
with many bacteria, occasional red blood cells and 
white blood cells, and a few granular and cellular 
casts. X-ray films revealed an incomplete fracture of 
the left femoral neck with some rotation. 

Shortly after admission, the patient’s temperature 
rose to 109 degrees F., the pulse rate increased to 150 
with extrasystoles and the blood pressure gradually 
fell. Death occurred 12 hours after admission. 

At postmortem examination, a pheochromocytoma 
of the right adrenal gland was found and on assay 
contained 100 milligrams of adrenalin. This patient 
had been in excellent health before the accident and 
had not consulted a physician for many years so no 
record of previous blood pressures was obtained. 


SUMMARY 


In Part I of this paper, an operative proce- 
dure was described which is capable of pro- 
ducing in the dog a persistent state of marked 
vasoconstrictor hyperactivity that is altered 
little or none by anesthesia (Table VI). In no 
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instance, in more than 70 operations of this 
sort, performed in this laboratory, have the 
signs or symptoms of surgical shock been en- 
countered. Hypertensive animals have been 
followed for periods in excess of 2 years with- 
out presenting the signs or symptoms of shock. 
In Part II, animals with long standing vaso- 
constrictor hyperactivity, have been subjected 
to graded hemorrhage and their responses 
compared with those of similar bleedings in a 
group of normal dogs. Under the conditions 
of the experiment described here, 5 normal 
dogs were found to tolerate an average loss of 
36.5 per cent of their total blood volume.as 
calculated by the dye dilution method before 
death resulted and to live for an average of 
285 minutes after the onset of intermittent 
bleeding by the method of Evans (2). Twelve 
dogs, previously subjected to proprioceptor 
depressor neurotomy, when subjected to 
graded hemorrhage were found to die after 
an average loss of 35.9 per cent of their total 
blood volume and to live for an average of 
290 minutes after the onset of bleeding. 
Further, as outlined in Part III, from experi- 
ences with injuries and operations in this 
clinic, there is no basis for the belief that hy- 


peractivity of the sympathoadrenal system is 
of importance in causing or predisposing to 
shock except when the patients harbored 
pheochromocytomas. 


CONCLUSIONS 


1. Twenty-seven dogs have been subjected 
to aortic depressor and carotid sinus proprio- 
ceptor nerve section which resulted in marked 
vasoconstrictor hyperactivity with hyperten- 
sion without the production of shock either 
early or late. 
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2. Twelve of these animals with long stand- 
ing vasoconstrictor hyperactivity tolerated 
hemorrhage in approximately the same manner 
as did five normal dogs. Seven of these showed 
no significant change of blood pressure under a 
general anesthetic, chloralose. 

3. The experience of this surgical clinic lends 
no support to the theory of sympathoadrenal 
hyperactivity as a cause of shock complicating 
in jury or operation except that operation on 
or injury of a patient with pheochromocytoma 
may predispose to shock. 
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_ RENAL AGENESIA 
A Study of Thirty Cases 
EARL F. NATION, M.D., Pasadena, California 


NILATERAL renal agenesia is a 
problem of increasing clinical im- 
portance. The statement has been 


made that it matters little from a 
clinical standpoint whether a patient has a 


congenital absence of one kidney or an under- . 


development, with little or no function. This 
is true as far as surgery upon the functioning 
kidney is concerned. However, the prognosis 
for health may be different with the two 
conditions. 

The differential diagnosis of renal agenesia, 
aplasia, hypoplasia, and pyelonephritic con- 
tracture becomes more important with the 
realization that an aplastic kidney or a blind 
ureter may cause pain (7, 11, 17), a hypo- 
plastic kidney may be subject to recurrent 
infections, and an atrophic kidney may cause 
hypertension. The clinical diagnosis of renal 
agenesia is seldom made with assurance. 
One object of this study was to try to establish 
criteria that might simplify and secure the 
diagnosis. 

The study of the embryology of renal agene- 
sia and associated developmental defects is 
very interesting. Certain phases of the sub- 
ject have not been emphasized sufficiently. 
The present paper deals primarily with renal 
agenesia; studies of renal aplasia and hypopla- 
sia will be reported elsewhere. . 

Definition. The literature is confused by the 
failure of many authors to distinguish prop- 
erly between renal agenesia and aplasia. It is 
important that the distinction be made. 
Agenesis dendtes the complete lack of develop- 
ment of the metanephros on one or both sides. 
The presence of a vestige of renal tissue should 
classify a case as one of aplasia, not agenesia. 

Another differentiation that must be made 
is between the absence of a kidney on one side 
due to agenesia and that due to crossed ec- 
topia. The latter condition is often termed 
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“solitary kidney”; this leads to further con- 
fusion. The proper descriptive title should be 
applied. If there is evidence that the kidney 
tissue present on only one side developed from 
the renal blastema of both sides the condition 
is one of crossed ectopia, not of unilateral 
agenesia. In such a case there will be a ureter 
opening into each side of the trigone. 

Embryology. The kidney is formed from a 
cap of mesoderm, the metanephric blastema, 
about the ureteral bud. The differentiation of 
this nephrogenic blastema begins with the 
growth of the ureteral bud into it. The latter 
sprouts from the dorsal surface of the wolffian 
duct near the cloaca during the fourth week 
(4.5 to 5.3 mm. greatest length) of fetal 
growth. 

Nicholson and others have noted that no 
instance of a solid or cystic mass suggestive of 
persistent renal anlage in the absence of a 
ureter has been described. (Such a case is to 
be reported elsewhere with a study of renal 
aplasia.) It also has been stated commonly 
that without the development of a ureter the 
renal anlage fails to form. This is not strictly 
true. Brown has demonstrated in mice that 
the nephrogenic blastema develops and, in- 
deed, assumes the form of the embryonic kid- 
ney in the complete absence of a ureter due to 
experimental arrest of the wolffian duct. 
Boyden produced the same result in chicks. 
It was not determined what the eventual fate 
of the kidney tissue was in these animals. In 
the oldest it was fading. Boyden also de- 
scribed a human embryo of 10 millimeters, 
greatest length in which there was a failure of 
development of the ureter as a result of ar- 
rested growth of the wolffian duct. In this 
specimen the renal anlage had formed on the 
side of the absent ureter. Tubular differentia- 
tion had not occurred. It is this differentia- 
tion which is dependent upon the fusion of the 
ureter with the blastema. Mere contact of the 
two in mice induces rudimentary tubule 
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formation, whereas, for complete develop- 
ment, normal fusion is necessary (3). 

Another embryological fact of interest and 
importance with respect to the interpretation 
of maldevelopment of the kidney is the 
vascularization of the organ. The renal veins 
do not form until the kidney has reached its 
adult position: 22 millimeters greatest length 
stage of growth (14). The metanephric artery 
becomes distinguished from the other meso- 
nephric arteries at about this same stage of 
development (8). 

The upper pole of the kidney comes in con- 
tact with the suprarenal gland at about the 18 
millimeter stage of growth. While the cortex 
of the gland and the renal anlage arise in the 
same region the development of the two 
organs is entirely independent. 

Etiology. The fundamental cause of renal 
agenesis is probably to be found, in most 
cases, in defective germ plasm. In support of 
this theory the report of Madisson (13) of the 
occurrence of bilateral agenesia in two children 
of the same mother is usually cited. The com- 
mon concurrence of widespread develop- 
mental defects suggests more than a local 
cause. Abnormal pressure due to oligohy- 
dramnios and other causes can account for 
few of these dysplasias. 

The actual mechanism of development is 
variable. Cases described here and elsewhere 
indicate this. The findings of Boyden and of 
Brown mean that, in the strict sense of the 
word, actual renal agenesia is very rare and 
can result only from failure of the metanephric 
blastema to develop. In all other cases the 
renal anlage has formed and undergone re- 
sorption. Resorption always follows failure of 
the ureter to come in contact with the nephro- 
genic cap.’ If contact occurs but proper fusion 
fails to take place, aplasia usually results. 
Failure of contact between the ureter and 
nephrogenic cap most often results from ure- 
teral agenesis or maldevelopment. This, in 
turn, may be caused by failure or arrest of de- 
velopment of the pronephros, the pronephric 
duct, the mesonephros, or the ureteral bud 
itself. 

INo instance of the persistence of a renal vestige in the absence of a 
ureter has been descri However, one such case will be reported in 


connection with a study of renal aplasia. In this case the ureter may 
have been resorbed entirely and the kidney only partially. 
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It has been observed that the relationship of 
the posterior cardinal and subcardinal vessels 
to the wolffian ducts and metanephric blas- 
tema is such that the vessels might impede the 
growth of the latter organs in some cases (3). 

In the cases to be reported it must be as- 
sumed that where a vestigial ureter was pres- 
ent sufficient contact with the renal blastema 
failed to occur to prevent complete resorption 
of the formed kidney anlage. In 1 case, No. 
27, the presence of a vein where that of the 
kidney should have been indicates that some 
vestige of kidney tissue reached the renal fossa 
before it was resorbed, or that ureteral growth 
is sufficient to stimulate growth of the renal 
vessels. In most cases in which such vessels 
are found a careful search will reveal the pre- 
sence of remnants of a renal anlage. 

The complete absence of the ureter in most 
cases of renal agenesis indicates that the usual 
cause of agenesis is faulty development of the 
urinary organs which precede the ureteral bud. 
The presence in some cases of a dimple at the 
site of the missing ureter or of a ureter extend- 
ing only through the bladder wall suggests 
that only a bud ever developed or that resorp- 
tion of the remainder of the ureter occurred in 
these cases. The absence of the suprarenal 
gland on the same side as the kidney is not a 
necessary concomitant for the diagnosis of 
renal agenesia, as has been suggested. It is 
only a coincidence or occurs in those cases in 
which the absence of both results from some 
primordial disturbance. 


BILATERAL RENAL AGENESIA 


Amolsch, in 1937, collected 115 instances of 
bilateral anephrogenesis from the literature 
and reported 4 additional cases. Soloway, in 
1939, reported 2 more cases. Grim, in 1940, 
reported a case without other congenital ab- 
normalities. This brings the total number of 
such cases, exclusive of those reported here, to 
122. Three more cases, from approximately 
27,000 autopsies performed at the Los Angeles 
County Hospital, are reported here. In addi- 
tion, there are 2 cases of unilateral agenesia 
with extreme aplasia of the opposite kidney 
(Cases 16 and 18). 

In the series collected by Amolsch the ratio 
of males to females was 2.7 to 1. No explana- 
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NATION: RENAL AGENESIA 


tion for this sex differentiation has been of- 
fered. A lesser preponderance of males over 
females was found by Collins in the reported 
cases of unilateral renal agenesia. This is in 
contrast to the finding that ureteral anomalies 
of duplication are 27 per cent relatively more 
common in women than in men (15). The ex- 
planation may lie in the increased develop- 
ment of the wolffian duct in males, in whom it 
forms a functioning portion of the genital 
system, as well as of the urinary tract. This 
may increase the chance of maldevelopment 
of the kidney, as most cases of renal agenesia 
result from failure of the ureter to develop 
properly, and its development is dependent 
upon that of the wolffian duct. 

Amolsch found multiple organ and system 
dysplasias in most cases of bilateral renal 
agenesia. He found but 3 male cases with de- 
velopmental deficiencies limited to the meta- 
nephric and mesonephric structures. In 2 
female cases the associated maldevelopments 
were limited to the muellerian duct derivatives. 


CASE REPORTS 


1. Baby D. was a stillborn premature Cauca- 
sian male infant measuring 43 centimeters in length 
and weighing 1840 grams. There were no external 
anomalies. The foramen ovale and ductus arteriosus 
were patent. Both kidneys and ureters were absent. 
No remnants could be found. The adrenal glands 
were present and normal. The bladder measured 
only 3 millimeters in diameter. The prostate was 
small. Both testes lay along the rim of the lesser 
pelvis. The epididymides and vasa deferentia were 
not dissected in detail. 

CasE 2. Baby W., a Caucasian male infant, lived 
45 minutes. There were no external abnormalities. 
No gross or microscopic evidence of renal tissue or of 
ureters or bladder were found. The urethra began 
behind the symphysis pubis and was patent. The 
adrenal glands were present and normal. The testes 
were in the abdomen. No further dissection was 
made. The postmortem creatinine was 3.2 milli- 
grams per cent. 

CasE 3. Baby H., a Caucasian male infant, lived 1 
hour and 21 minutes. Both kidneys and ureters were 
completely absent. The urachus ended in a 1 by 1 by 
1 centimeter fleshy mass which was comprised of the 
prostate and undeveloped bladder. The urethra was 
patent. The testes were in the scrotum. The vasa 
deferentia were not dissected. The adrenal glands 
were present and normal. 


All of the 3 cases of bilateral anephrogenesis 
reported here were males. Contrary to the 
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general rule, these 3 infants had few other 
congenital defects. The suprarenal glands 
were present in each. It is unfortunate that 
the seminal vesicles and vasa deferentia were 
not described in any and it is probable that a 
minute search for them was not made. The 
absence of any ureteral remnants suggests 
that the wolffian ducts failed to develop, and 
if this were true it would result in agenesis of 
the ejaculatory ducts, seminal vesicles, and 
vasa deferentia. The body and tail of the 
epididymis, as well as the ureter and kidney, 
are also usually absent in such cases. 

Vesical aplasia is the rule in these cases of 
bilateral renal agenesia, as in all instances in 
which urine is never formed (Cases 16 and 18 
also). Boyden has shown that the mechanical 
distention of the allantois of chicks by meso- 
nephric secretion is essential for development 
of that organ. It is logical to assume that the 
same mechanism plays a part in the develop- 
ment of the human urinary bladder. 


UNILATERAL RENAL AGENESIA 


Unilateral renal agenesis is approximately 
five times as common as the bilateral form. 
The incidence of unilateral renal agenesia in 
the autopsy series reported in the literature is 
extremely variable, as it is in the two series of 
autopsies included in this study. The reasons 
for this are not apparent. Eisendrath, For- 
tune, and Hennessey reviewed in detail the 
earlier reports. Campbell, in 1928, reported 9 
cases found in 13,000 autopsies at Bellevue 
Hospital, 1 to 1,444 cases. The incidence of 
those in the literature, including his own, he 
found to be 1 in 1,610 cases. Collins collected 
572 cases from the literature and reported 9 
cases found in 6,349 postmortem examinations, 
an incidence of 1 to 705 autopsies at the Mayo 
Clinic. There were 367 instances of renal 
agenesia in 337,488 cases in the literature in 
which necropsy was performed, or 1 in 920 
postmortem examinations. Soloway found 
the raiio at Cook County Hospital to be 1 
case to 1,200 autopsies. 

Collins’ statistics are the most comprehen- 
sive ones available. Of the 512 cases in which 
sex was indicated 55 per cent were males and 
45 per cent females. The left kidney was ab- 
sent in 57 per cent of the 556 cases in which 
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the side was mentioned and the right in 43 per 
cent. Approximately two-thirds of the pa- 
tients were over 21 years of age. The solitary 
kidney was enlarged in 84 per cent of the 366 
cases in which the size was mentioned. The 
average weight in 87 cases was 279.63 grams. 
The ureter was recorded as absent on the side 
of the renal agenesis in 297 cases (51 per cent). 
The ureter was present but obliterated in 11 
cases and obliterated only in the cephalic por- 
tion in 23 cases. The ureter was mentioned as 
being completely patent in 8 cases. In the 460 
cases in which the condition of the kidney was 
stated, 61 per cent were normal and 39 per 
cent diseased. Death occurred from diseases 
unrelated to the genitourinary tract in 69 per 
cent of the cases. The adrenal gland was re- 
corded as being absent on the side of the renal 
agenesia in only 68 cases. The gland was 
normal in 129 cases. 


MATERIAL STUDIED 


Fourteen instances of unilateral renal agene- 
sia were found in approximately 27,000 au- 
topsies at The Los Angeles County Hospital, 
an incidence of 1 to 1,929 autopsies (Cases 4 
through 17). Five cases of unilateral renal 
agenesia were found in 1,831 necropsies per- 
formed by Dr. Alvin G. Foord at The Hunt- 
ington Memorial Hospital, Pasadena, an in- 
ae of 1 in 366 cases (Cases 18 through 
22). 

In addition, 8 cases observed clinically at 
The Los Angeles County Hospital and in 
private practice are reported (Cases 23 
through 30). 


CLINICAL CASE REPORTS 


CasE 23. A go year old male complained of epi- 
gastric pain 1 to 2 hours after meals. There was a 
history of transurethral fulguration of a vesical 
polyp 6 months before entry. Blood pressure was 
130/74. Phenolsulfonphthalein appeared in 6 
minutes. During the first half-hour 35 per cent of 
the dye was excreted and during the second half- 
hour 22 percent. The urine contained 30 leucocytes 
to the high power field and gram-positive cocci and 
gram-negative bacilli. Retrograde pyelography 
showed a ureter on the left which was small an 
blind above. An excretory urogram contributed no 
additional information. The right kidney was large. 
At operation the left loin was explored and the 
ureter was found to extend almost to the diaphragm 
and _to.terminate in fibrous bands. No vestige of 
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renal tissue was found and the left adrenal gland was 
not identified. The patient was subsequently op- 
erated upon for a duodenal ulcer. 

Case 24. A to year old female complained of 
urinary frequency and burning since the age of 2 
years. Blood pressure 110/84. The urine contained 
20 to 30 leucocytes to the high power field and gram- 
positive cocci and gram-negative bacilli. The phenol- 
sulfonphthalein appeared in 434 minutes. There was 
35 per cent in the first half-hour specimen and 5 per 
cent in the second half-hour specimen. Plain roent- 
genograms and excretory urograms showed a normal 
kidney on the right and none on the left. A catheter 
could be introduced only 2 centimeters up the left 
ureter. At operation the left loin was explored and 
no kidney or ureter found. The left adrenal gland 
was present and apparently normal. 

CasE 25. A 48 year old man had noticed an en- 
larging mass in the right side of his abdomen for 3 
years. He had had right flank pain, apparently of 
renal origin, for many years. He was known to have 
progressive muscular dystrophy. The blood pressure 
was 125/80. The urine was negative. The phenol- 
sulfonphthalein appeared in 5 minutes. The first 
half-hour specimen contained 40 per cent and the 
second 15 per cent of the dye. Kidney study re- 
vealed that the right kidney was large and ptosed, so 
that when the patient was standing over half of it 
was below the pelvic brim. There was slight caliecta- 
sis. No left renal shadow could be seen and no left 
kidney was visualized by excretorv urography. The 
left ureteral orifice could not be identified and the 
left half of the trigone was absent. The left testis was 
not in the scrotum. No operation was performed. 

Case 26. A 21 year old female complained of 
urinary frequency and dysuria and intermittent 
hematuria for 5 years prior to entry. Blood pressure 
115/70. The urine was negative. Cystoscopic ex- 
amination revealed an absence of the right half of 
the trigone and of the right ureteral orifice. A pelvic 
mass was present. There was no vaginal orifice. 
Exploratory laparotomy revealed a small, vestigial 
mass believed to represent the uterus and vagina at- 
tached to the left fallopian tube. The right tube was 
separate from it. There was a cake-shaped retro- 
peritoneal mass in the midpelvis which was an 
ectopic kidney. The right kidney area was examined 
and no renal tissue found. Excretory urograms 
made later showed no kidney shadows in the lumbar 
areas and no dye excretion, except by the ectopic 
left kidney. 

CasE 27. A 16 year old female had been known 
to have hypertension as high as 180 millimeters of 
mercury for 2 years. The urine was negative. There 
was moderate hypertrichosis. No genital abnormal- 
ities were found. Excretory urography showed a 
large left kidney, but no kidney on the right. A 
ureteral catheter could be introduced up the right 
ureter to about the level of the third lumbar vertebra 
where the ureter ended blindly as demonstrated by 
ureterogram. The right loin was explored, but no 
vestige of renal tissue was found. There was a vein 
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about 3 millimeters in diameter which arose from the 
vena cava in the normal position of the right renal 
vein. It passed directly into the psoas muscle. The 
right adrenal gland was present and appeared to be 
normal. 

CasE 28. A 43 year old male complained of left 

‘flank pain of 3 days’ duration. A stone had been re- 
moved from his left kidney when he was 14 years 
old. Blood pressure was 130/80. He was passing no 
urine. Nonprotein nitrogen was 120 milligrams per 
cent. Roentgenograms showed a large left kidney 
and a calculus in the left ureter. No right kidney 
shadow was seen and no intravenous dye was ex- 
creted on the right. The right side of the trigone and 
the right ureteral orifice were absent. No operation 
was performed. 

CasE 29. A 36 year old female had an enlarging 
pelvic tumor which she had known to be present for 
11 years. Her blood pressure was 170/110. Urine 
was negative. Excretory urograms showed an en- 
larged left kidney and no kidney shadow on the 
right. Cystoscopy showed the right half of the tri- 
gone and the right ureteral orifice to be absent. The 
bladder was distorted by a large, cystic mass in the 
right side of the pelvis. Exploratory laparotomy dis- 
closed no right kidney or ureter to be present. The 
uterus was didelphic. The right half was distended 
with old blood. The right tube and ovary were not 
found. 

Case 30. A 36 year old female complained of 
severe right flank pain and urinary frequency and 
dysuria of several hours’ duration. Blood pressure 
was 128/70. There was pyuria. Excretory urograms 


showed a right kidney about twice average size and 
otherwise normal. There was no kidney shadow nor 
evidence of excreted dye on the left side. The left 
— of the trigone and the left ureteral orifice were 
absent. 


ANALYSIS AND DISCUSSION OF UNILATERAL 
AGENESIA 


Twenty-seven cases of unilateral renal agen- 
esia are reported. Nineteen of these were 
autopsy cases and 8 clinical. Of the 8 clinical 
cases 5 were proved by exploration and there 
seemed to be no doubt about the other 3. In 
the statistical analysis the autopsy and clin- 
ical cases are considered together. 

Sex. There were 18 (67 per cent) males and 
9 (33 per cent) females. It is of interest that, 
in the clinical cases, the females outnumbered 
the males 5 to 3, while in the autopsy cases the 
males outnumbered the females 15 to 4. This 
may be due to the greater incidence of urolog- 
ical disease in women with this anomaly than 
in men, as seems to be the case with ureteral 
anomalies (15). In The Los Angeles County 
Hospital autopsies unilateral renal agenesia 
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was approximately 20 per cent more common 
in men than in women, when corrected for the 
percentage of autopsies performed upon males 
and females. The preponderance is less than 
most of the literature indicates. 

Race. All of the patients reported here were 
Caucasian. 

Age. Comparison of the age distribution of 
the autopsy cases with that of all of the autop- 
sies shows no significant deviation, except for 
a considerably higher ceath rate under one 
year of age. All of these deaths were due to 
maldevelopment of the solitary kidney. 

The youth of the patients of the clinical 
series indicates a tendency for urinary tract 
pathology, or of the concomitant congenital 
abnormalities, to make themselves known 
early in life. 

Urinary tract. The right kidney was absent 
in 14 cases (52 per cent) and the left in 13 
(48 per cent). 

The ureter and the corresponding half of the 
trigone were totally absent on the side of the 
renal agenesis in 21 cases (77 per cent). In 3 
cases the ureter extended only through the 
wall of the bladder. In 1 case the ureter was 
patent for 2 inches and extended farther as a 
fibrous thread. In 2 cases the ureter was 
patent as high as the lumbar region. 

In 17 cases the suprarenal glands were 
present on both sides. In 1 case the supra- 
renal gland on the side of the renal agenesis 
was vestigial. In 9 cases the suprarenal was 
not looked for or not mentioned. It was re- 
corded as absent in no case. 

The solitary kidney was enlarged in all but 
4 cases. Of the latter, 2 contained no func- 
tioning renal tissue (Cases 16 and 18), and 1 
contained very little (Case 22); 1 was a con- 
tracted kidney of chronic glomerulonephritis 
(Case 7). The usual enlargement was one and 
one-half to two times normal size. 

In 11 cases (41 per cent) there were con- 
genital abnormalities of the solitary kidney or 
ureter. There were 3 instances of partial du- 
plication of the ureter. In 1 case the single 
ureter opened in the midline of the bladder. In 
1 case there was an unusually high ureteral 
take-off from the renal pelvis. In i case there 
was a congenital stricture of the lower end of 
the ureter, with consequent dilation and renal 
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hypoplasia and atrophy. In 2 cases the kidney 
was a small mass of cysts only. In 2 cases 
there were solitary cysts. In 1 case there was 
an aberrant renal artery which passed in front 
of the vena cava. If only the autopsy cases 
are considered 58 per cent had some con- 
genital abnormality of the solitary kidney or 
ureter. 

In 3 (19 per cent) of the autopsy cases, be- 
sides the 3 with aplastic solitary kidneys, the 
cause of death was renal failure: 2 renal tuber- 
culosis and 1 chronic glomerulonephritis. In 
another case acute glomerulonephritis of the 
single kidney was a contributory cause of 
death. Two of the patients seen clinically had 
disease of the solitary kidney: 1 calculous 
pyonephrosis and 1 acute pyelonephritis. 

In 6 cases (22 per cent) there were develop- 
mental defects of the genital organs. Four of 
these were women and 2 men. Thus, 44 per 
cent of the women and 11 per cent of the men 
had such abnormalities. In the women these 
were as follows: 1 absent tube and ovary; 1 
tube which did not connect with the uterus; 1 
in which the uterus and vagina were vestigial ; 
1 in which the tube and ovary were absent and 
the uterus was didelphic. The genital defects 
in men were as follows: in 1 the vas deferens 
and testis were absent; in the other one testis 
was absent, the other was atrophic, there was 
hypospadias and scrotal atrophy. 

Genital defects are not noted as easily or 
looked for as assiduously in males as in 
females, hence may have been missed in some 
cases. Genital abnormalities do occur more 
commonly in women than in men. This is 
evidently because the muellerian duct is a 
later development than the wolffian duct. 

Only 3 (21 per cent) of the 14 patients on 
whom accurate blood pressure readings were 
obtained had a systolic pressure above 140 or 
a diastolic pressure above 80. 

From the study of a large group of all kinds 
of anomalies of the upper urinary tract it is 
apparent that there is little hope of distin- 
guishing renal agenesia from renal aplasia 
clinically with any degree of certainty. Ab- 
sence of one-half of the trigone is much more 
indicative of agenesia than of aplasia. Ab- 
sence of one ureteral orifice, or representation 
of the orifice by a mere dimple, or termination 


of the ureter just beyond the bladder wall oc- 
cur more commonly with renal agenesia than 
with renal aplasia. However, there are all de- 
grees of ureteral aplasia with renal aplasia, as 
will be shown in a subsequent study of the 
latter subject. In some cases of renal aplasia 
and of renal degeneration due to disease, 
agenesia is ruled out by the presence of a renal 
shadow or the concentration of a minute 
amount of urographic dye in the tissue present. 

The size of the functioning kidney is no 
greater with renal agenesia than with renal 
aplasia. 

The presence of developmental defects of 
the genital organs suggests the possibility of 
urinary tract dysplasias. Isolateral renal 
agenesia is the most common of these. 


SUMMARY 


1. Renal agenesia implies the complete 
absence of renal tissue. 

2. The renal anlage develops in most cases, 
even in the absence of a ureter, but is usually 
resorbed unless normal fusion with the ureter 
occurs. 

3. Renal agenesia probably results in most 
cases from defective germ plasm. The mech- 
anism of development is variable. 

4. Three cases of bilateral renal agenesia 
from a series of 27,000 autopsies are reported. 
This makes the total number of such cases 
reported 124. Besides the 3 cases reported 
here only 3 other cases in which the abnormal- 
ities have been limited to the mesonephric and 
metanephric systems have been reported. 

5. Twenty-seven cases of unilateral renal 
agenesia are reported. Fourteen of these oc- 
curred in a series of 27,000 autopsies at The 
Los Angeles County Hospital, a ratio of 1 to 
1,929. Five were found in a series of 1,831 
autopsies at The Huntington Memorial Hos- 
pital, an incidence of 1 to 366 autopsies. The 
ratio for the combined series is 1 case to 1,517 
autopsies. Six clinical cases are reported 
herein. 

6. There were 18 (67 per cent) males and 9 
(33 per cent) females. Unilateral renal agene- 
sia was 20 per cent more common in males 
than in females of the autopsy series (cor- 
rected for the fact that 60 per cent of all of the 
autopsies were performed upon males). 
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7. The age at death of the patients with 
unilateral renal agenesia did not differ appre- 
ciably from that of the autopsy cases in 
general. 

8. The clinical cases were all under 49 years 
of age. 

g. The right and left kidneys were absent 
with equal frequency. 

10. The suprarenal gland was definitely 
present in 17 cases and recorded as absent in 
none. 

11. In 21 cases (77 per cent) the ureter and 
one-half the trigone were entirely absent. 

12. The solitary kidney was always en- 
larged unless shrunken by disease. 

13. Fifty-eight per cent of the autopsy 
cases had congenital abnormalities of the 
single kidney. 

14. Twenty-two per cent of the patients 
had disease of the single kidney. In 6 cases 
renal failure was the cause of death: 3 due to 
congenital inadequacy of the single kidney 
and 3 due to renal disease. 

15. Four (44 per cent) of the women had 
developmental defects of the genital organs. 
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Two (11 per cent) of the men had such 
defects. 

16. Only 3 (21 per cent) of the autopsy cases 
had hypertension. 

17. There is no reliable clinical sign which 
guarantees the diagnosis of renal agenesia in 
distinction from renal aplasia. 
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TERINE myomas, tumors made up 
of smooth muscle and connective 
tissue in varying proportions and 
enveloped by a definite capsule of 

condensed muscle tissue from which they de- 

rive part of their blood supply, are among the 
most frequent lesions in gynecology, and their 
management comprises one of its most impor- 
tant chapters. The treatment of these neo- 
plasms depends upon their size, their location 
in the uterus, their symptomatology, and the 
age of their host. It will be discussed under 
three broad divisions—observation, surgery, 
and irradiation with radium or high voltage 
x-ray. 

OBSERVATION 

The smaller tumors which are not produc- 
tive of symptoms, the chief of these being 
hemorrhage and pressure, require no treat- 
ment. Women with such new-growths are 
advantageously kept under observation, being 
examined every year, or even every 6 months, 
since in the course of time symptoms may de- 
velop. Pain and hemorrhage may be slight or 
may be very severe. For those whose symp- 
toms require treatment, two methods are 
available—surgery and irradiation. 

Before the advent of radium and high volt- 
age x-rays, which are still relatively recent 
procedures, surgery, in one form or another, 
was the only means of combating this dis- 
order. 

SURGERY 

Myomectomy, abdominal and vaginal. Myo- 
mectomy, which may be performed through 
the vagina or through the abdomen, consists of 
the enucleation of the myomas and the recon- 
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the Technique of Panhysterectomy 


struction of the uterus so that its two main 
functions, menstruation and reproduction, 
may be conserved. While more difficult of 
execution than ablation of the uterus, this 
intervention offers a reward in the fact that it 
prevents castration and also permits many 
women in the childbearing age, to which it is 
almost entirely applicable, to gratify their de- 
sire for the physiological function of maternity. 
Even in some who are approaching the meno- 
pause the prevention of castration has a salu- 
tary influence on their physiological life. 

The manner of handling this problem in 
women still in the childbearing age, and 
anxious to have progeny, depends on whether 
or not they are sterile. In those who can con- 
ceive, the best method is to allow the preg- 
nancy to take place and deliver them at term 
by appropriate means. For those whose tu- 
morsare responsible for sterility, myomectomy 
offers the greatest advantages. All gynecolo- 
gists who perform myomectomy under these 
conditions have had a number of patients who 
have gone through uncomplicated preg- 
nancies and been delivered of normal children. 
If pregnancy does occur after this operation, 
two methods of delivery are effectual, accord- 
ing to the circumstances. If the tumors were 
subserous or intramural, if the uterine muscu- 
lature was not markedly weakened, and if the 
uterine cavity was not opened to any great 
extent, it is advisable to allow these patients 
to go through labor and to deliver them by 
forceps when the vertex becomes easily acces- 
sible, in order to prevent undue strain on the 
uterus during the period of expulsion. If the 
tumors were submucousand, as frequently hap- 
pens, the uterine cavity was invaded to a con- 
siderable degree, it is safer to deliver them by 
cesarean section before the onset of labor in 
order to minimize the possibility of uterine 
rupture. Furthermore, gravidae who were 


ori 
aft 
ant 

ter 
the 
j are 
4 spe 

ma 
firs 

tha 
sar 
the 
tiel 
del 
car 
ove 
chi 
vag 
tho 
size 
thr 
I 
you 
my 
of | 

or | 
be 
thr 
my 
disc 
| of t 
| me 
con 

be, 
odit 

vali 
wo! 
wh 
cal 
| sist 

isth 
3 the 
Sexi 
fact 
Susy 
Thi 
just 
and 


PHANEUF: THE MANAGEMENT OF UTERINE MYOMAS 


originally sterile and who become pregnant 
after myomectomy seldom have large families, 
and it is disastrous to lose the infant and sacri- 
fice the uterus because of rupture in an at- 
tempt to bring the product of conception into 
the world. Again, a number of these women 
are fairly well advanced in years, obstetrically 
speaking; because of this fact their cervices 
may be rigid and thus a long and ineffectual 
first stage of labor results. Although it is true 
that by following this regimen, a few unneces- 
sary cesarean sections may be performed, on 
‘the whole this procedure surrounds the pa- 
tient with greater protection than does forceps 
delivery. Vaginal myomectomy may be easily 
carried out in women whose tumors are not 
overlarge and in whom, because of previous 
childbirth, there is some dilatation of the 
vaginal tube. In nulliparous women and in 
those whose tumors have reached considerable 
size, the operation can be better performed 
through an abdominal incision. 

Hysterectomy, abdominal and vaginal. In the 
younger group of patients in whom myomecto- 
my is not feasible, in those who are the hosts 
of large tumors, and in those who have reached 
or passed the menopause, hysterectomy has to 
be considered. A choice must be made from 
three types of operation—fundic hysterecto- 
my, supracervical or supravaginal hysterecto- 
my, and panhysterectomy. These will now be 
discussed. In fundic hysterectomy, the fundus 
of the uterus is amputated, but enough endo- 
metrium is retained to allow menstruation to 
continue, decreased in amount though it may 
be, and the patient is thus relieved of the 
odium of castration. This fact is especially 
valuable in the premenopausal age group, in 
women contemplating marriage, and in those 
who have been recently married. Supracervi- 
cal or supravaginal hysterectomy, which con- 
sists of the amputation of the uterus at the 
isthmus, possesses only one advantage over 
the total ablation of the uterus; namely that 
sexual congress can be carried out more satis- 
factorily if a normal or well healed cervix, well 
suspended in the vaginal vault, is retained. 
This advantage, however, is not sufficient to 
justify the retention of a diseased cervix, with 
lacerations, ectropion, chronic endocervicitis 
and cystic degeneration, benign though those 
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lesions may be. For this reason I now perform 
supravaginal hysterectomy only under rare 
conditions. There is another serious factor 
which governs the choice between supracervi- 
cal hysterectomy and panhysterectomy—the 
question of operative mortality and morbid- 
ity. In the hands of a well trained pelvic sur- 
geon, who performs a hundred or more hys- 
terectomies yearly, there is no great difference 
between the two methods in mortality and 
morbidity; but such is not the case in the 
hands of an operator who performs but few of 
these operations, probably 6 to 12 yearly. 
Statistics show that under such circumstances 
the mortality of panhysterectomy over that of 
supracervical hysterectomy may be seriously- 
increased, in some series, as much as 10 per 
cent. From the standpoint of morbidity, the 
injuries to the bladder and ureters are most 
apt to occur with surgeons who perform the 
operation infrequently, since numerous statis- 
tics in the literature of the last decade have 
shown that these accidents very seldom occur 
when panhysterectomy is performed by sur- 
geons of wide experience. If for one reason or 
another it is decided to perform supracervical 
hysterectomy, two steps become essential: 
first, a careful inspection of the cervix; and 
second, appropriate treatment of the cervix 
that is to be retained. The main reason for the 
selection of panhysterectomy is to prevent the 
subsequent development of carcinoma of the 
cervical stump, and since it seldom does de- 
velop on a healthy cervix, it is of prime im- 
portance to heal the cervix that is to be re- 
tained. After trying trachelorrhaphy, conical 
amputation, and total amputation of the 
cervix, I have, like many other gynecologists, 
come to the conclusion that thorough cauteri- 
zation of the cervix is the best and simplest 
method at our command. In a number of 
cases cervical carcinoma has been found to 
exist at the time supravaginal hysterectomy 
for fibroids was performed. Most authors 
agree that a stump carcinoma which appears 
within a year after operation was present at 
the time of the intervention. Among a num- 
ber of cases of stump carcinoma, 2 that were 
consecutive to supravaginal amputation of the 
uterus for fibroids came to my attention. 
These were both referred by the same surgeon 
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and had occurred within a few months of each 
other. The diagnosis in each instance was 
made by the pathologist by obtaining cancer 
cells from the cut surface of the uterus which 
had been submitted to him. In both cases the 
myomas had been felt through the abdomen 
and no vaginal examination had been made 
previous to operation. When supracervical 
hysterectomy is considered, it is my custom, 
at the time of the original examination, to in- 
spect the cervix, with a proper speculum and 
under a good light, to take a biopsy of any 
suspicious lesions, and to obtain a histological 
report within a few days since it is impossible 
for the naked eye to distinguish between 
chronic cervicitis and early carcinoma. In so 
far as thorough cauterization of the cervix 
before supracervical hysterectomy for uterine 
myomas is concerned, there are two schools of 
thought as to the time that this should be per- 
formed. There are those who believe that the 
cervix should be cauterized some weeks before 
the major intervention, in order that it may be 
well healed, since if this procedure is carried 
out as a preliminary step to the operation, 
infectious phenomena will develop. On the 
other hand there are those who believe that 
the cauterization should be done just before 
operation. I subscribe to the latter opinion, 
and in a rather large series of patients so 
treated no serious infections have been ob- 
served. Supravaginal hysterectomy must be 
considered when a large amount of vaginal 
plastic work has been done, when the cardinal 
ligaments or ligaments of Mackenrodt have 
been utilized in the process, and when the 
uterus has to be sacrificed for large tumors. 

Panhysterectomy, or the ablation of the en- 
tire uterus, is constantly gaining ground; it is 
advocated by a large number of well trained 
specialists, and, as previously stated, its mor- 
tality and morbidity, when the operation is 
done by such specialists, are no greater than 
those of supracervical amputation. Obviously, 
it is the surest prophylaxis against stump car- 
cinoma: when it is performed for benign le- 
sions it suppresses an annoying leucorrhea 
which may persist when the cervix is retained; 
and it is the only type of hysterectomy that 
should be considered if malignant degenera- 
tion exists in the uterine corpus. In my own 


practice, panhysterectomy is resorted to in 


the average case, while supra-cervical hyster- - 


ectomy is reserved for special cases. 

The question of closing the vagina tightly or 
draining it after panhysterectomy frequently 
arises. As a general rule, tight closure of the 
vagina is used routinely in my cases, especially 
since the advent of the sulfa drugs. After 
peritonealization, 5 grams of sulfanilamide is 
left in the cul-de-sac of Douglas. Drainage is 
reserved for those cases in which there is con- 
siderable oozing from raw surfaces, such as 
exist when one is operating in the presence of 
extensive endometriosis, or for pelvic inflam- 
matory disease, in which cases the sigmoid is 
sutured across the pelvis to the edges of the 
peritoneum of the broad ligaments and the 
bladder to roof it over. Under these circum- 
stances, a vaginal drain to allow the escape of 
serum or serosanguineous fluid from the pelvis 
is advantageous. 

Fundic, supracervical, and panhysterec- 
tomy may be performed through the abdomen 
or through the vagina. In America the ab- 
dominal route has always had the preference. 
However, in old people and in those who are 
poor surgical risks, the vaginal approach has 
certain merits. As previously mentioned it is 
simpler of execution in those who have some 
relaxation of the vaginal tube following child- 
birth. It may be performed by means of su- 
tures, the commonly used method, or by 
means of clamps which are left in situ, as sug- 
gested by James W. Kennedy of Philadelphia. 
Each procedure has its place. In the type of 
patient mentioned, the removal of large tu- 
mors by morcellation, followed by the ablation 
of the shell of the uterus by sutures or clamps, 
offers a mode of operation which carries but 
little shock and is therefore beneficial. This 
method evidently. necessitates an extensive 
experience in vaginal operating, but the opera- 
tive trauma is directed against the buttocks 
rather than the peritoneal cavity. 


IRRADIATION: RADIUM AND X-RAY 


Still another method of treating uterine 
myomas is by means of radium and high volt- 
age x-ray. The superiority of radium rests on 
the fact that but one treatment is usually 


necessary, and that the radioactive substance 
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is applied directly in the uterine canal so that 
the necessity of the rays traversing the ab- 
dominal wall in order to reach the uterus and 
ovaries is obviated. The commonly accepted 
dose of radium for uterine myomas varies be- 
tween 1500 and 2400 milligram hours. X-rays 
delivered to the pelvis by a suitable apparatus 
also play their réle. It should be an inviolate 
rule that a diagnostic curettage to rule out a 
malignant neoplasm of the endometrium must 
precede either method of irradiation. Certain 
classes of tumors constitute definite contra- 
indications to this form of therapy in the 
management of uterine myomas, and these 
were well elucidated by Clark and Keene, both 
of the University of Pennsylvania School of 
Medicine, in the early days of its applica- 
tion. They are as follows: tumors larger than a 
3 months’ gestation; rapidly growing tumor 
suggesting progressive changes; tumors pro- 
ducing pressure symptoms; tumors associated 
with pelvic pain; pedunculated tumors in 
which irradiation tends to increase necrosis; 
tumors associated with adnexal pathology; 
tumors associated with cachexia; tumors in 
young women; multiple submucous tumors, 
association with pyometra; and tumors in 
women who fear radium. 

The surgical management of uterine myo- 
mas has yielded some of the most brilliant re- 
sults of pelvic surgery. Improved preoperative 
and postoperative care, the liberal use of 
blood transfusions to replace lost blood, the 
transfusion of blood plasma, always available 
during the operation to prevent or overcome 
shock, resort to the sulfa drugs to prevent or 
combat infection, and vein ligation for throm- 
bophlebitis have all played their part in re- 
ducing mortality and morbidity and have 
made surgery a safe procedure in the manage- 
ment of these neoplasms. Again, surgical in- 
tervention permits one to inspect the ovaries 
and to remove those which show pathologic 
changes, thereby reducing or obviating the 
development of ovarian carcinoma some years 
later, a condition which I have observed in 
more than one case. Besides, if hysterectomy 
is performed, as is done in the majority of 
cases, the danger of later development of 
carcinoma of the uterus, cervical or corporal, 
is avoided. I have seen this development in the 


cervix or corpus of the uterus 10 and even 15 
years after irradiation for benign lesions. Be- 
cause of the foregoing, my preference in the 
management of symptom-producing myomas 
is surgical interference, irradiation being re- 
served for the cases in which surgery is contra- 
indicated because of impaired physical condi- 
tion and disease of the vital organs, such as 
the heart, kidneys, liver and lungs, and be- 
cause of severe hypertension. 


TECHNIQUE OF ABDOMINAL 
PANHYSTERECTOMY 


Space does not permit giving in detail the 
techniques for all the mentioned methods of 
treating uterine myomas. Abdominal panhys- 
terectomy being the most extensive opera- 
tion performed for these tumors, it may be of 
some value to describe and illustrate it. As I 
perform it, the patient is anesthetized, the 
vulva and the vagina are prepared with tinc- 
ture of zephiran and a plain gauze wick, the 
end of which has been saturated with tincture 
of zephiran, is placed against the cervix and 
vaginal vault and left in situ until the vagina 
is opened from above. A sponge forceps is at- 
tached to the loose end of the gauze, which is 
left between the thighs in order to facilitate 
its removal during the operation, and the 
urinary bladder is catheterized. The abdomen 
is prepared with 95 per cent alcohol with an 
aqueous solution of zephiran and tincture of 
zephiran, the sterile drapings are applied, and 
after the patient has been placed in the Tren- 
delenburg position, the abdomen is opened by 
a median incision extending from the sym- 
physis pubis to the umbilicus. Rarely is it 
necessary to extend the incision above the 
umbilicus. After the skin edges are covered 
with sterile towels, the abdominal organs are 
explored and the intestinal mass is reduced 
above the pelvis and held in place by gauze 
pads, so that the pelvic organs are exposed. 
The operation is continued as follows: 

Step r. The uterus is raised out of the pelvis, 
being held by an assistant if the tumors are 
large, by applying Ochsner clamps on the 
broad ligaments close to the uterus or by pick- 
ing up the uterus with a suitable vulsellum 
forceps. If the adnexa are retained, the upper 
part of the broad ligament, including the tube 
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Fig. 1. A, Adnexa conserved. The upper part of the right broad ligament, including 
the tube and the ovarian ligament, is cut between clamps, close to the uterus. The 
right round ligament is similarly cut. B, The upper part of the right broad ligament 
and the right round ligament have been clamped and cut, and their pedicles are 
shown. C, The clamps are immediately replaced by suture ligatures of No. 1 chromic 
catgut, the vessels being doubly ligated. The pelvis is thus cleared of all unnecessary 
clamps and the subsequent steps of the operation facilitated. The ligaments on the left 


side are treated in a like manner. 


and ovarian ligament, on one side is cut be- 
tween clamps. The round ligament of that 
side is similarly treated. The clamps on the 
pedicles are immediately replaced by suture 
ligatures of No. 1 chromic catgut in order to 
keep the pelvis free of clamps and obtain a 
clearer field. All the vessels are doubly ligated. 
This process is repeated on the opposite side. 
If the adnexa are to be sacrificed, the clamps 
are placed on the infundibulopelvic and round 
ligaments. The ligatures can be applied more 
securely if the pedicles have been clamped and 
cut than they can if the vessels are tied in situ 


(Fig. 1, A, B, C,). Figure 2, A, shows the liga- 
ture of the infundibulopelvic ligament and the 
round ligament on the right side. 

Step 2. The uterovesical peritoneal fold is 
incised to the round ligament on each side, 
and the bladder is freely separated from the 
cervix and the upper part of the vagina. The 
uterine vessels are clamped and cut below the 
uterine isthmus by means of the three clamp 
method. The uterine vessels are doubly ligated 
with No. 1 chromic catgut after the clamps 
have been removed one by one. A special 
clamp having a short jaw at an obtuse angle 
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Fig. 2. A, Adnexa sacrificed. The right infundibulopelvic ligament and the right 
round ligament have been cut between clamps, which are replaced by suture ligatures 
of No. 1 chromic catgut, the vessels being doubly ligated. This procedure is next 
carried out on the left side. B, The vesical peritoneum is incised to the round ligament 
on each side, and the bladder is separated downward from the cervix and the upper 
part of the vagina. The uterine vessels are cut between clamps, by the 3 clamp method, 


and are doubly ligated on each side. 


and an Ochsner point, which I have had con- 
structed, facilitates the ligating of the uterine 
vessels. This process is then carried out on the 
opposite side. If the clamps on the uterine 
vessels have been placed low enough, the 
vaginal vessels are included in them and tied 
at the same time (Fig. 2, B). 

Step 3. The cardinal ligaments or ligaments 
of Mackenrodt on each side of the cervix are 
cut, so that the uterus is allowed to be raised 
considerably in the pelvis through the ab- 
dominal incision. If the vaginal vessels were 
not included in the uterine pedicle clamps, 
they are picked up separately and ligated with 
No. 1 chromic catgut. The bladder is inspected 
to ascertain that it has been sufficiently mo- 
bilized downward; this mobility is important, 
as it prevents injury to this viscus in the sub- 
sequent steps. The vagina is opened posterior- 
ly and to the left since there are no important 
structures in this area, and the incision is car- 
ried circularly around the cervix, care being 
taken to remove as little of the vagina as pos- 


sible in order not to shorten it. The vaginal 
edges are then picked up by suitable clamps 
and the entire uterus is removed. I have had 
special vaginal clamps constructed for this 
purpose. These have a short jaw with an 
Ochsner point and a long handle. They do not 
tear the edges of the vaginal incision, and the 
long handle facilitates the suturing of the 
vagina (Fig. 3, A and B). If there is much 
oozing from the cut edges of the vagina, a 
gauze sponge the end of which has been im- 
pregnated with tincture of zephiran is pushed 
into the vagina, to be removed at the end of 
the operation. If the vaginal edges are dry, 
this gauze may be omitted (Fig. 3, B). 

Step 4. The vagina is closed with either 
interrupted sutures or a continuous suture of 
No. 1 chromic catgut. If drainage is deemed 
advisable, a small central opening is left 
through which a length of Penrose tubing is 
introduced, to be removed in 72 to 96 hours. 
Under ordinary conditions the vagina is closed 
tightly. The cardinal ligament of each side is 
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Fig. 3. A, The bladder has been pushed downward below 
the cervix. The cardinal ligaments are cut; if the vaginal 
vessels have not been included in the uterine vessel clamps, 
they are picked up and separately ligated with No. 1 
chromic catgut. The vagina is opened posteriorly and to the 
left, since there are no important structures in this area, the 
incision is carried out circularly around and close to the 
cervix, and the entire uterus is removed. B, When there is 
much oozing from the cut edges of the vagina, a gauze strip, 
the end of which has been saturated with tincture of 
zephiran, is introduced in the vagina, to be removed at the 


end of the operation. If the vaginal edges are dry this may 
be omitted. C, The vagina has been closed with interrupted 
sutures of No. 1 chromic catgut. If drainage is deemed ad- 
visable, a small Penrose drain may be introduced through 
the center. The cardinal ligaments and the round ligaments 
have been attached to the sides of the vagina with inter- 
rupted sutures of No. 1 chromic catgut. D, The peritoneal 
edges, posterior to the vagina and at the bladder edge, are 
united with a running suture of No. o chromic catgut. All 
pedicles are buried and all raw areas are peritonealized. The 
operation is completed, the adnexa being conserved. 
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Fig. 4. A, B, C, Details of the closure of the vagina and 
the attachment of the cardinal ligaments and round liga- 
ments to the vaginal edges. D, Peritonealization when the 
adnexa have been removed. 


attached to the side of the closed vagina to add 
to the support of the vaginal tube, and the 
round ligament of each side is sutured to the 
vaginal cuff by a similar suture (Fig. 3, C). 
The right uterosacral ligament and the edge 
of the bladder peritoneum on the right are 
picked up with a suture of No. o chromic cat- 
gut, which runs as a continuous stitch until 
the left uterosacral ligament and the edge of 
the bladder peritoneum on the left are 
reached, when it is tied. Thus the vaginal cuff 
and the pedicles of the uterine vessels are 
buried under peritoneum. The leaves of the 
broad ligaments on each side are next approxi- 
mated by interrupted sutures or a continuous 
suture of No. o chromic catgut, all raw areas 
being covered and the infundibulopelvic liga- 
ment pedicles buried if the adnexa have been 
sacrificed and the adnexal pedicles if they have 
been retained. At the completion of this step, 
the pelvis is entirely peritonealized, no raw 
edges being left. The hysterectomy is com- 
pleted with adnexa retained (Fig. 3, D). 


Fig. 5. The peritonealization of the pelvis when the 
broad ligaments have been widely opened in the removal of 
large or intraperitoneal tumors. The interrupted sutures 
prevent distortion of the broad ligaments and the kinking 
of the ureters. Five grams of sulfanilamide is placed in the 
cul-de-sac of Douglas before the sigmoid is brought down 
to the pelvis. By filling the pelvis with the sigmoid, small 
bowel adhesions to the suture line are prevented. 


Figure 4, A, B, C, and D shows the details 
of the vaginal closure, the attachment of the 
cardinal and round ligaments to the vagina, 
and the peritonealization when the adnexa have 
been sacrificed. When the broad ligaments 
have been opened widely, as in the removal of 
intraligamentous myomas, the peritoneal lay- 
ers are approximated with interrupted sutures 
of No. o chromic catgut, since kinking or dis- 
placement of the uretersis not solikely with this 
method as with a continuous stitch (Fig. 5). 

Step 5. Five grams of sulfanilamide powder 
is placed in the cul-de-sac of Douglas, and the 
sigmoid is brought down and placed in the 
pelvis in order to prevent the small intestine 
from coming in contact with the suture line, 
thereby preventing adhesions and small bowel 
obstructions, conditions which I have ob- 
served when this precaution was neglected. 

Step 6. The omentum is spread over the 
intestines, and the incision is closed in layers. 


STATISTICS 
The records of 1,000 consecutive cases of 
myomas of the uterus which I have treated 
have been reviewed. 
Regarding the method of treatment pur- 
sued, 882 women received treatment for their 
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tumors; in 118 who were treated for other 
conditions the diagnosis of uterine myoma was 
established. Two of the patients who had 
myomas also had carcinoma of the cervix and 
were managed by the Wertheim radical pelvic 
dissection. There were 994 white and 6 col- 
ored women in this series. 

In the temporal analysis of the abdominal 
hysterectomies, the cases were divided into 
three periods. The increase of panhysterec- 
tomy over subtotal was apparent as the time 
interval increased. 

The handling of the adnexa in the treat- 
ment of the myomas is self-explanatory. 

In the 118 untreated cases of myomas which 
were discovered or known to exist when the 
patients were treated for other disorders, 6 
women had malignant disease—1 in the cecum 
1 in the breast, 2 in the cervix uteri, 1 in the 
kidney, and 1 in the rectum. 

The youngest of the 1,000 patients was 20 
and the oldest 76 years of age. The incidence 
was highest between the ages of 30 and 39 
years and 40 and 49 years, which finding is in 
keeping with other statistics. 

In the 48 cases in which myomas were com- 
plicated by pregnancy 4 patients had tubal 
pregnancies and were treated by hysterectomy 
and salpingectomy or salpingo-oophorectomy. 
There were 44 intrauterine pregnancies, with 
18 vaginal deliveries, 14 low cervical trans- 
verse cesarean sections, and 12 cesarean hys- 
terectomies (Porro); in 6 cases complications 
developed, in 5 of which they were severe. 

Table I lists additional pelvic disease found. 

The additional pathologic lesions of all 
types found at operation were numerous and 
varied, and they emphasize the advantage of 
surgery over irradiation in the management of 
uterine myomas, since many such lesions may 
be treated at the time of operation. 

Table II lists the supplemental operative 
procedures which were carried out. 


TABLE I 
Additional pathology found at operation 
44 
7 


Parovarian cyst and cyst of Morgagni............. 20 
Endometriosis and adenymyosis.................. 101 
Cholecystitis and/or cholelithiasis................ 43 
4 


Miscellaneous pathology found at operation 


Additional pelvic pathology 


0 


The mortality was 2.8 per cent. It occurred, 
in a large measure, in the earlier cases. There 
were 4 deaths from shock or from shock and 
myocarditis. These were usually the result of 
loss of blood and poor physical condition be- 
fore operation in the days when blood transfu- 
sion was not commonly practiced and plasma 
transfusion was unknown. Nowadays most o! 


TABLE II 
Supplemental procedures at operation 
14 
‘Transplantation Gf OVATICS... 2 
28 
Interposition of broad ligaments.................. 13 
Olshausen suspension of the uterus............... 43 
Simpson suspension of the uterus................. 41 


Neel suspension of the uterus.................... 10 
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Ventral suspension of the uterus.................. 7 
Gilliam suspension of the uterus.................. 9 
Baldy-Webster suspension of the uterus........... 3 
Shortening of uterosacral ligaments............... 10 


Miscellaneous procedures at operation 


Unabilical ..... 
Tleostom 


these deaths could have been prevented by 
resorting to the liberal use of these agents. 
Septicemia or peritonitis, or both, accounted 
for 8 fatalities, which might or might not have 
been controlled by the sulfa drugs and trans- 
fusion. My records show that no one has suc- 
cumbed to these complications for a number of 
years. This outcome has been prevented, at 
least in part, by bringing the patient to the 
operating table in improved physical condi- 
tion, replacing lost blood, leaving sulfanila- 
mide in the peritoneal cavity, and administer- 
ing sulfa drugs by mouth postoperatively 
when indicated. The 5 patients who died from 
cardiac disease would now be treated by 
means of radium, without general anesthesia, 
since the introduction of a radium tube in the 
uterus is not a very painful procedure, espe- 
cially if morphine and scopolamine are admin- 
istered one-half hour previously or if local 
infiltration anesthesia is employed. It is in 
these cases that irradiation shows the most 
brilliant results. Anuria accounted for 2 
deaths; in both cases the patency of the ureters 
was demonstrated after operation by cysto- 
scopy and catheterization of the ureters. Irra- 
diation with x-ray, following a diagnostic 
curettage under local anesthesia, might have 
prevented these accidents, since irradiation by 
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this means is more gradual and is given over a 
longer period of time than it is when radium is 
used. Pneumonia caused 3 deaths, which again 
occurred at a time when the modern treat- 
ment of this disease was unknown and when 
these patients, not being so well prepared for 
operation as they would be today, were more 
liable to contract the disease. Inoperable car- 
cinoma caused 2 deaths. This disease is be- 
yond human control, and the deaths must be 
accepted as inevitable. Transfusion reaction 
resulted in death in a patient whose blood had 
been cross-matched with that of the donor; 
the test was repeated after death and found 
to be correct. This transfusion was done at a 
time when not so much was known about 
blood incompatibilities as is the case today. 
Paralytic ileus resulted in the death of 1 pa- 
tient in the earlier group of cases. This might 
have been prevented by the use of the Wagen- 
steen apparatus had it been available. 

From May 4, 1937, to June 29, 1943, when 
this study was completed, a period of 6 years 
and 56 days, 386 cases of uterine myomas 
were treated without mortality. A death 
which occurred on May 4, 1937, took place on 
the operating table and was entirely due to 
the anesthesia, although it had been conduct- 
ed by a specialist in this field. This series, 
without mortality, by December 31, 1943, 
reaches the figure of 407. 


SUMMARY 


1. Uterine myoma forms one of the com- 
monest lesions in gynecology. 

2. Its management by observation, sur- 
gery, and irradiation by radium or x-ray is 
taken up in detail. 

3. The technique of abdominal panhys- 
terectomy, the most extensive operation used 
in the treatment, is elaborated and illustrated. 

4. The importance of preoperative prepara- 
tion, of the liberal use of blood and blood 
plasma transfusions, and of postoperative care 
is stressed. 

5. One thousand consecutive personal cases 
of uterine myoma are reported. 

6. The mortality in this series was 2.8 per 
cent. No deaths occurred in the last 386 cases. 

7. Preference for' surgery over irradiation 
when the former can be used safely is expressed. 
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CHINESE patient who was born with- 
out a vagina was successfully operated 
upon by us to construct an artificial one. 
A space was opened between the blad- 

der and the rectum. A split Thiersch skin graft 
was removed from the inner surface of the thigh, 
applied to a pyrex glass mold of appropriate size 
so that the outer surface presented inward, and 
inserted into the cavity. This thin layer of epithe- 
lium grew rapidly, acquired ridges or rugae, and a 
pink blue color. Within 6 months it had assumed 
to a remarkable degree the appearance of a normal 
vagina, a result which stimulated further studies. 
Another Chinese woman, L.Y.F., with the same 
anomaly but with poorly developed secondary sex 
characteristics, was operated upon on May 17, 
1941, and the details of the histories and tech- 
nique of operation of these 2 cases are reported in 
an unpublished communication. In the second 
case we studied the histology, chemistry, and 
bacteriology of the transplanted epithelial mem- 
brane. 

Histology. The cellular structure of the skin and 
the vagina, except for minor details, is the same; 
that is, stratified squamous epithelium. Although 
a split Thiersch graft was cut, it probably included 
some of the Malpighian layer and stratum germi- 
nativum, as identified by Maximow and Bloom. A 
biopsy specimen of skin was removed (Fig. 1) 
from the same area from which the Thiersch graft 
was taken. The specimen was stained for glycogen 
and showed normal skin with low papillae, very 
little glycogen, and a few sweat glands. 

On July 9, or 53 days after operation, a biopsy 
specimen of the transplanted epithelium was 
taken from high up in the vault of the smooth and 
pliable cavity (Fig. 2). This section of the same 
magnification, and also stained for glycogen, 
showed that the epithelium had increased about 
six times in thickness, there were no sweat glands, 
the papillae were more prominent, and there was 
a considerable increase in glycogen content of the 
cells. 

In 1927 Dierks (5, 6) described the histology of 
the normal human vagina and distinguished three 
principal layers: the basal layer, functional layer, 
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and zone of cornification. A narrow darker stain- 
ing band of cells was described during the mid- 
interval in the intraepithelial zone of cornification. 
Dierks’ layer, or this band of darker staining cells, 
is to be noted in this section. The beginning 
accumulation of glycogen corresponds to the posi- 
tion of Dierks’ layer. Davis and Hartman, using 
female monkeys, repeated Dierks’ work and co- 
ordinated rhythmic changes in the epithelium 
with ovarian activity. Such changes may be asso- 
ciated with the present study to a minor degree. 

On October 29, or 154 days after the operation, 
another biopsy specimen of the transplanted epi- 
thelium (Fig. 3) was taken from near the vault of 
the cavity. This photomicrograph is of the same 
magnification and staining and shows that the 
epithelium has increased in thickness to an aver- 
age of ten times that of the skin biopsy, with no 
sweat glands or hair follicles. The papillae are 
deep and the epithelium is loaded with glycogen. 
The three principal layers which Dierks described 
for the normal vagina are, to some extent, ap- 


‘parent in this transplanted epithelium. 


Estrogenic substance was not given to this pa- 
tient, in any form, until after all biopsies had 
been taken. On November 5 the patient was given 
stilbestrol, 2.5 milligrams, by intramuscular in- 
jection. This was repeated on November 8, and on 
November 11 progynon B. oleosum (10,000 inter- 
national units) was given, also by intramuscular 
injection. No increase in growth of the epithelium 
was noted but another biopsy was not taken. The 
patient presumably had some small amount of 
estrogen in her tissues, but it is clear that injec- 
tions of this substance were not necessary for the 
graft to take and to grow luxuriously. A biopsy 
specimen (Fig. 4) was taken from the vagina of a 
normal patient of the same age group and was 
stained in the same way for comparison. Great 
similarity between the transplanted epithelium 
and the normal vaginal mucosa is apparent. 

Chemistry. Zweifel, in 1877, was the first to 
notice that normal vaginal secretions are acid in 
reaction. Since then an enormovs literature has 
arisen on this subject, and several methods have 
been devised for determining the chemical reac- 
tion of the vagina. One of us (Wang) used the 
quinhydrone microelectrode to determine the 
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Fig. 1. Section of biopsy specimen from the skin of the 
inner surface of the thigh—full thickness. Best’s carmine 
stain shows very little glycogen, low papillae, and sweat 
glands. X 120. 


hydrogen ion concentration in vaginal washings of 
3 cubic centimeters of sterile normal saline. It had 
been shown by Zuck and Duncan that the vaginal 
secretions are well buffered and can be moderately 
diluted without affecting the true value of the pH. 
Wang found the average on 27 Chinese patients 
with normal vaginal flora to be pH 4.52 and on 23 
patients with mixed infection, the vaginal pH 
ranged from 5.04 to 6.67. The details of this work 
are to be published in another communication. 
These findings correspond to those of several 
authors in other countries and races (3, 10, 13). 
The pH of this artificial cavity as determined by 
the above method was as follows: July 9, 7.34; 
August 6, 7.65; October 8, 6.50; October 29, 6.74; 
and November 11, 6.50. 


Fig. 3. Section of biopsy specimen of transplanted epi- 
thelium, 154 days after operation. Best’s carmine stain 
shows no sweat glands. The epithelium has increased ten 
times in thickness with marked papillae and is loaded with 


Fig. 2. Section of biopsy specimen of transplanted epi- 
thelium 53 days after operation. Best’s carmine stain 
shows increase in thickness, beginning accumulation of gly- 
cogen, and development of papillae. X 120. 


Bacteriology. As early as 1897 Doederlein 
studied the vaginal bacterial flora and described a 
large gram positive bacillus now known as 
Doederlein’s bacillus, which has been found only 
in acid media. Others have added much in- 
formation and classified the flora. Smears were 
made from the transplanted epithelium at inter- 
vals, and on October 29, Doederlein bacilli and 
other mixed organisms were found (type II flora), 
which is in keeping with the degree of acidity. 


COMMENT 


The growth of this transplant is not a metapla- 
sia, as the fundamental type of epithelium was 
retained: nor is it an overgrowth from the introit- 
us, as the taking and growth of the graft was ob- 


glycogen as in the normal vagina. X 120. See Figure 4. 

Fig. 4. Section of biopsy specimen of the vagina taken 
from another patient and stained with Best’s carmine for 
comparison. X 120. 
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served through the glass mold. The conditions of 
growth, however, are at least similar to those of a 
culture of epithelium. The secondary sex charac- 
teristics of this patient were poorly developed, and 
it does not appear that estrogen had much to do 
with the stimulation of the marked growth of the 
epithelium. One must look elsewhere for an ex- 
planation of the growth-stimulating factor. This 
patient left the hospital 1 month after operation, 
at which time the growth of epithelium was well 
advanced, and she returned frequently as an out- 
patient. What stimulating effect coitus may have 
had on the further development of this epithelium 
is difficult to evaluate. Carrel and Ebeling found 
that the growth of tissue cultures of fibroblasts in 
vitro depends entirely on substances contained in 
embryonic juice. Ebeling and Fischer, working 
with epithelial cultures in vitro, agree with 
Champy that epithelial cells in the presence of 
connective tissue cells do not dedifferentiate. 

Drew showed, in tissue culture, that differen- 
tiation of epithelium of kidney or skin depends 
upon the presence of connective tissue elements. 
This is also mentioned by Huxley and De Beer. 
Drew also states that autolyzed extracts of normal 
adult tissues contain a growth-stimulating factor, 
which, when added to tissue cultures in vitro, 
causes rapid proliferation of normal adult cells. 
It seems that the connective tissue elements 
must be injured in order to release the growth- 
stimulating factor. In our work the loose cellular 
tissue was extensively injured, which may ac- 
count for the rapid initial proliferation of epithe- 
lium. It is probable that growth and differentia- 
tion of this epithelial transplant is, at least in part, 
duesto a substance elaborated by the surrounding 
pelvic connective tissue. 

It is to be noted that the appearance of glyco- 
gen, the type II bacterial flora, and the degree of 


acidity appeared at about the same time, showing 
the interrelation of these factors. 


SUMMARY 


In absence of the vagina, a tubular membrane of 
epithelium was removed from the thigh and trans- 
planted to the loose cellular tissue of the pelvis. 
The accumulation of glycogen in this growing epi- 
thelium in its new location was striking. The 
changing biologic characteristics of this epithelial 
tube were studied, and it was found that within 6 
months the cellular structure, acidity, and bac- 
terial flora were almost identical to that of the 
normal vagina. The growth-stimulating substance 
affecting the epithelium, may be derived from the 
surrounding connective tissue in vivo as well as in 
vitro. 
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ANATOMICAL STUDY AND CLINICAL CONSIDERATION 
OF THE FASCIAE LIMITING URINARY EXTRAVASATION 
FROM THE PENILE URETHRA 


CHARLES E. TOBIN, Ph.D., and JOHN A. BENJAMIN, M.D., Rochester, New York 


NATOMICAL and pathological observa- 
tions, in general, have been a companion 
to the progress of surgery. In this report 
we are primarily concerned with the 

anatomy of the fasciae involved in the extravasa- 
tion of urine from the penile urethra. In addition, 
on the basis of our findings, the 

two generally accepted theories ae 
dealing with the mechanism of 
urinary extravasation will be 
discussed. 

The spread of extravasated 
urine from the penile urethra is 
limited by the extent and attach- 
ments of the fascial layers of the 
penis, perineum, scrotum, and 
abdominal wall. Since the deep 
penile fascia of Buck is one of 
the first fascial layers limiting 
the spread of extravasated urine, 
a more complete description of 
this fascia is desired than is 
found in the literature at present. 
Although the descriptions and 
diagrams or pictures of this fas- 
cia given in the accounts by Buck 
(1848), Wesson (1923 and 1927), 
Young (1926), Hinmann (1935), 
Callander (1939), Culp (1942), 
Finestone (1941 and 1943), and 
in many standard textbooks of 
anatomy, illustrate most of the connections and 
relations of Buck’s fascia, many of these accounts 
are still incomplete. This is true particularly in 
regard to the relation of this fascia to the corpus 
spongiosum (cavernosum) urethrae, the Mm. 
bulbocavernosus and ischiocavernosi, the dartos 
layers of the penis and scrotum, external sper- 
matic fascia, the suspensory ligament, and the 
deep layer of the superficial fascia of the abdom- 
inal wall. 


From the Departments of Anatomy and Surgery, Division of 
Urology, The University of Rochester School of Medicine and 
Dentistry, Rochester, New York. 

This study was supported in part by funds from the Henry C. 
Buswell Memorial. 


Fig. 1. Antonio Scarpa, 1747 (?)-1832. 


HISTORICAL BACKGROUND 


Although the fasciae of Scarpa, Colles, and 
Buck have been described and illustrated many 
times before, there are some anatomical and clin- 
ical features that remain to be clarified. In order 
to bring about a better understanding of these 
fasciae a brief survey of their 
historical ‘ background {will | be 
presented. 

The name of Scarpa (Fig. 1) 
apparently became associated 
with a layer of fascia over the 
lower part of the ventral abdom- 
inal wall on the basis of his 
original work on hernia. This 

work, published in Milan in 

- 1809, consists of five memoirs 
with ten engravings (atlas folio). 
Our attention is to be centered 
upon Memoria prima of his Sull’ 
ernia inguinale e scrotale (p. 2) 
in which he states: 
“L’aponevrosi dell’ obliquo esterno 
muscolo per certo tratto sopra dell’ 
arcata femorale e dell’ anello inguinale 
é ricoperta da uno strato sottile della tela 
aponevrotica del muscolo fascialata, del 
quale strato una parte si stende di qua 
dall’ anello sul muscolo cremastere, che 
accompagna nello scroto, ove si confonde 
esi perde nel tessuto cellulare, che unisce 
Vesterna superficie del cremastere col 
dartos; l’alira parte si spiega verso il 
fianco.” (“The aponeurosis of the external oblique muscle, 
for a certain space above [superior to] the femoral arch 
and inguinal ring, is covered by a fine layer of the aponeu- 
rotic sheath of the muscle covering, of which one part is ex- 
tended from here to the ring over the cremasteric muscle 
which it extends into the scrotum, where it is fused (inter- 
mixed) and loses itself in the cellular aponeurotic web which 
unites the external surface of the cremaster with the dartos; 
the other part lifts itself against the flank,”’) 


The illustrations from Scarpa’s original work on 
scrotal hernia (Figs. 3a and b) show the fascial 
layers distended by viscera, and it is difficult to 
ascertain clearly whether he referred to the fascial 
layer which now is associated with his name. 
Eycleshymer (1917) and Castiglioni (1941) desig- 
nate the cresmasteric fascia as Scarpa’s fascia. 
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Sir John Struthers (1854) fur- 
ther clarified the use of the term 
fascia of Scarpa (p. 231): 
‘‘Although the description of this fascia 
by Scarpa, as contained in the trans- 
lation of his work on the hernia, is 
very brief and imperfect, I shall retain 
the title fascia of Scarpa, as it is pref- 
erable to have a short specific name 
for a part to which frequent reference 
is to be made.” 


Struthers continues 


“the fascia of Scarpa has another 
important connection, in its continua- 
tion around the spermatic cord, to- 
wards the perineum, where it becomes 
continuous with the true superficial 
fascia of that region . . . and to avoid 
confusion and derive advantage from 
the use of a short specific name I am 
in the habit of calling it the fascia of 
Colles ... and if anatomists would 
agree to call these two fasciae the 
fascia of Scarpa and the fascia of 
Colles, it would save much perplexity 
to the student.” 


In regard to the réle of Colles’ 


fascia in urinary extravasation we again quote 


Struthers (p. 236), 


“by introducing a blow-pipe, or bellows through an opening 
in the fascia of Colles in front of the anus, where the air 


Fig. 3. Reproductions of Plate I A and II B from 
Scarpa’s Sull’ ernie. The legends neither state nor suggest 


Fig. 2. Abraham C. Colles, 1773-1843. 
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will readily force its way forwards, and 
inflate the scrotum, but does not reach 
backwards or sideways.” 

Two years after the work of 
Scarpa on the hernia, Colles 
(Fig. 2) published his A Treatise 
on Surgical Anatomy in which 
he states, “This fascia (now 
known as Colles’ fascia) although 
on a superficial view appears 
continuous with the fascia of 
the muscles of the thigh, will 
be found on close examination 
to attach itself very firmly to 
the rami of the ischium and 
pubis.” Struthers (p. 235) was 
aware of the fact that a con- 
tinuous membrane was formed 
by fasciae of Scarpa and Colles 
and that the latter fascia was 
attached to the urogenital dia- 
phragm. 

In 1848, Buck (Fig. 4) pub- 
lished ‘“‘A New Feature in the 


Anatomical Structure of the Genitourinary Organs 


not hitherto Described.” In his work particular 


174-180. 


1Colles did not illustrate this part of his work on anatomy—see pp. 


that Scarpa observed the deep layer of superficial fascia 
over the ventral abdominal wall now bearing his name. 


emph 
extra 
point 
first 
when 
chant 


cums 


“The 

consis’ 
sheath 
to be « 
memb 
nosum 
the co! 
two la 
of the 
the pe 


More 
comn 
again 


“The 

serve 
effusic 
of the 


Sin 
fascie 
urolo 
made 
their 
done 
Buck 
sated 
the | 
fascie 
Addi 
whicl 
fascic 
(4 lb 
arate 
the 
wall, 
perin 
bulbs 
hook 
scope 
liqui 
Fran 
uretl 
late 1 
The 
sion. 
balm 
mate 


INot 
body, 


3 
P ; x 
4 
= 
a b 


TOBIN, BENJAMIN: FASCIAE IN PENILE URINARY EXTRAVASATION 


emphasis is placed on urinary 
extravasation, and certainly the 
point is well put, for this is the 
first fascial layer to be involved 
when urine leaves the urethral 
channel under pathological cir- 
cumstances. Buck states (p. 367), 
“The anatomical structure in question 
consists of a distinct membranous 
sheath investing the penis in the manner 
to be described, (forming one continuous 
membrane enclosing the corpus caver- 
nosum! in its cavity and embracing 
the corpus spongiosum urethrae between 
two layers) and forming a continuation 
of the suspensory ligament above and 
the perineal fascia below . . .” (Fig. 5). 


Moreover to bring forth Buck’s Fig. 4. Gurdon B. 
comment on extravasation we 


again quote, 


“The texture and connections of this fascia (Buck) will 
serve to explain many of those phenomena attendant on the 
effusion of urine into the perineum by rupture or ulceration 
of the posterior part of the canal of the urethra.” 


MATERIAL AND METHODS 


Since Buck’s, Scarpa’s, Colles’ and the dartos 
fasciae are of interest both to the anatomist and 
urologist, a re-evaluation of these fasciae was 
made in an attempt to complete the description of 
their structure and connections. This work was 
done with particular reference to the relations of 
Buck’s fascia in limiting the spread of extrava- 
sated urine. Therefore, studies were made first on 
the lower abdominal, penile, scrotal, and perineal 
fascial layers of 5 adult, embalmed caaavers. 
Additional studies were made on 4 cadavers in 
which an incision was made through Scarpa’s 
fascia, above the mons pubis, and compressed air 
(4 lbs. pressure) forced beneath this layer to sep- 
arate it, and the layers continuous with it, from 
the other fascial layers of the lower abdominal 
wall, penis, scrotum, and urogenital triangle of the 
perineum. The mucosa of the penile urethra, 
bulbous portion, was perforated by a small, 
hooked-shaped scalpel through a Young’s urethra- 
scope (No. 24 French). Subsequently pigmented 
liquid latex or vinylite was injected with a Janet- 
Frank’s bladder syringe into the perforated 
urethra, by way of the prostatic urethra, to simu- 
late the course of urine flow and of extravasation. 
The fossa navicularis was occluded by compres- 
sion. Following injection these cadavers were em- 
balmed. The use of liquid pigmented injection 
material allows one to follow the course of extra- 


1Note while Buck considered the corpora cavernosa 


nis as a single 
y, anatomically they are considered as two separate i 
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vasation and to dissect the fascial 
layers involved. 

To support the studies made 
on the normal cadavers and sim- 
ulated extravasation cases, an 
embalmed body from a case with 
extravasation was injected simi- 
larly with pigmented liquid latex. 
A brief summary of this patient’s 
history is: 


G. K., S. M. H. No. 199108, a 60 year 
old, white male was admitted to this 
hospital November 30, 1942. In 1909 he 
had gonorrhea and had difficulty pass- 
ing urine at intervals ever since. At 
the time of admission he had symptoms 
of extravasation of 8 days’ duration. 
He also had had a respiratory infection 
and cough more than a week previous 
to admission. His abdomen was reddened from the sym- 
physis up to the umbilicus, the redness being more marked 
on the right than on the left side. There was swelling 
beneath this area. His penis was blue, black and gangre- 
nous and tender to touch. The scrotum was swollen, 
reddened and tender. This patient was sent to the operat- 
ing room immediately upon admission and the gangrenous 
area of the penis was removed. Multiple incisions and 
drainage wounds were made over the penis, scrotum, 
abdomen and perineum. He died the day following admis- 


Buck, 1807-1877. 


Fig. 5. Reproduction of plate from Buck’s original 
paper showing the relations of ‘“Buck’s fascia” to the 
corpora. A, Dissection of the sheath of the penis, showing 
the corpus cavernosum, enucleated from the sheath; B, the 
sheath, split up through the suspensory ligament, of which 
it is a continuation; C, the relations of the sheath to the 
corpus spongiosum urethrae, one layer of which 
above, the other below it; D, its relations to the glans 
penis, to which the sheath adheres inseparably by its outer 
surface, while by its inner surface it caps the corpus caver- 
nosum; E, the dorsal arteries, veins and nerves, raised 
with the sheath. 


d | 
se 
h 
h = 
if 
ll 4 
n 4 | 
0 
d | | 
Ss 
e | 
| 
p- | 
| 
4 
| 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 6. Pendulous portion of penis raised to show in- 
tegument of the penis and scrotum. 


A clinical diagnosis of lobar 


sion (December 1, 1942). 
pneumonia was given as the cause of death. 


ANATOMICAL STRUCTURE OF FASCIAE 


1. Uninjected specimens. The continuity of 
fascial layers of the penis, scrotum, and urogenital 
triangle is shown in Figures 7, 8, 10, and 12 and 
Table II. The caudal continuations of Camper’s 
and Scarpa’s fasciae are thin and fused together to 
form the dartos fascia over the shaft of the penis 
and over the scrotum. The external pudendal 
vessels of the penis and the posterior scrotal ves- 
sels and nerves are embedded in the dartos fascia. 
Involuntary muscle fibers are enclosed in this 
fascia both in the scrotum and along the shaft of 
the penis (Fig. 7). In the perineum, the fasciae 
which formed the dartos layer separate from each 
other to become the subcutaneous fatty layer and 
the membranous layer (Colles’ fascia), respec- 
tively (Figs. 8a and 9). The former layer can be 
traced into the ischiorectal fossa where it is con- 
tinuous with the adipose tissue of this fossa. The 
Colles’ fascia is connected to the inferior rami of 
the pubis and ischium and to the posterior, infe- 
rior border of the urogenital diaphragm (Figs. 7, 
8a and 9). 

In the urogenital triangle, Buck’s (the deep 
penile) fascia is attached to the inferior layer of 
the urogenital diaphragm and to the inferior rami 
of the pubis and ischium. From these attach- 
ments Buck’s fascia encloses the origins of the 
three components of the penis, with their respec- 
tive muscles, in separate compartments—the bulb 
of the corpus spongiosum (cavernosum) urethrae 


Ext, spermatic 


\ fascia 


Colles’ 


Sphincter ani 
rnus M. 


Fig. 7. Skin removed from penis, scrotum, and perineum 
to show the subjacent dartos fascia of the penis and 
scrotum. This fascia contains involuntary muscle fibers along 
the shaft of the penis and over the scrotum, The right half 
of the scrotum is retracted to show the continuity of the 
dartos fascia of the scrotum with Colles’ fascia of the 
urogenital triangle. The dartos fascia is cut along the 
dorsum of the penis and reflected laterally, as shown by 
arrows. The subjacent external spermatic fascia is exposed 
where the dartos fascia is cut over the left testis. The sub- 
cutaneous fatty layer of the urogenital triangle has been 
removed, 


with the bulbocavernous muscle in the central 
compartment; the corpus cavernosum penis and 
ischiocavernosus muscle of each side in a lateral 
compartment (Fig. 9). In the shaft of the penis 
Buck’s fascia surrounds all three of these erectile 
bodies as a common layer in the form of a figure 
of 8, as previously stated by Wesson (1923). 
However, a transverse septum of Buck’s fascia 
separates the corpora cavernosa penis from the 
corpus spongiosum (cavernosum) urethrae; the 
latter body being contained in a separate com- 
partment along the ventral surface of the penis 
(Figs. 8b and 12). The bulbocavernosus and 
ischiocavernous muscles are internal to Buck’s 
fascia. They and their intrinsic fasciae become 
attached to and have part of their insertions in 
Buck’s fascia along the shaft of the penis (Figs. 
8a, 9, 10, and 11). Buck’s fascia is external to and 
distinct from the tunica albuginea of the corpus 
spongiosum (cavernosum) urethrae and corpora 
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fascia) 


Tunica albusinea 


A. bulbus urethrae 
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Bulbo cav. muscle 


Superficial fascia 
Dartos fascia 


Ext.spermatic fascia 


. dorsalis penis cutaneous 
V.A.+N. dorsalis penis 
Buck's fascia 
Corpora cave.penis 


Fig. 8. a, above, Sagittal section of pelvis. Camper’s and Scarpa’s fasciae fuse to 
form the dartos fascia of penis and scrotum. The dartos fascia is continuous with 
subcutaneous fatty layer and with Colles’ fascia of the urogenital triangle. Buck’s 
fascia is external to the bulbocavernosus muscle and to the tunica albuginea of the 
three vascular components of the penis. b, Cross section of the shaft of the penis. 
The relation of Buck’s fascia to the dorsal vessels and nerves of the penis; the tunica 
albuginea of the erectile bodies of the penis; and the compartment formed by Buck’s 
fascia around the corpus spongiosum urethrae are shown in this section. 


cavernosa penis. It is thickest along the dorsal 
surface of the penis; that is the surface which is 
adjacent to the ventral abdominal wall and faces 
dorsally during erection. The deep dorsal vein, 
arteries, and nerves of the penis and their branches 
are internal to Buck’s fascia (Figs. 8b and 10). 
Smaller branches of these vessels and nerves pen- 
etrate and course in the tunica albuginea. This 
fascia becomes continuous with the suspensory 
ligament of the penis (Figs. 8a and 10) and fibers 
of the bulbocavernous and ischiocavernosus mus- 
cles may be inserted in the suspensory ligament. 
In a few specimens there was a fusion of the dartos 
fascia and Buck’s fascia at the beginning of the 
pendulous part of the penis. 


2. Injected specimens. A. Simulated extravasa- 
tion. In these cases of simulated extravasation 
the surgical perforations were of varying depths: 
rupturing only the penile urethra in 1 case, where- 
as the urethra, cavernosus tissue, tunica albuginea, 
and Buck’s fascia were ruptured in the other cases. 
As shown by the anatomical connections of Buck’s 
fascia described and by the course of the pig- 
mented material injected (Figs. 12 and 13), extra- 
vasated material from rupture of the penile 
urethra first enters and spreads in the cavernous 
tissue of the corpus spongiosum. In this way 
urine and other contents of the urethra may enter 
the vascular system (Fig. 13). Its further spread 
is then limited by the tunica albuginea around the 
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Tunica Al buginea 
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Corpus Spongiosum urethrae 


Fig. 9. Frontal section through pelvis and perineum. Buck’s fascia forms three 
separate compartments around the erectile bodies and their muscles in the urogenital 
triangle of the perineum. Colles’ fascia is superficial to Buck’s fascia. The normal posi- 
tion of Colles’ fascia is shown by the dotted line whereas its position in extravasation 


cases is shown by the solid line. 


corpus spongiosum. If the tunica albuginea is 
perforated, then the next limiting barrier is 
Buck’s fascia. Since this fascia forms a separate 
compartment for the entire length of the corpus 


Scarpa's fascia 
Suspensory ligament } 
\\\ of penis 


Fig. 10. The skin and Camper’s fascia are removed to 
show the relation of Scarpa’s fascia to the dartos fascia and 
the suspensory ligament to Buck’s fascia. The dartos 
fascia is split along the midline and reflected laterally. The 
external pudendal vessels are located in the dartos fascia. 
Buck’s fascia is continuous with the suspensory ligament of 
the penis and is external to the deep dorsal vein, arteries, 
and nerves of the penis. Fibers of the bulbocavernosus and 
ischiocavernosus muscles extend around the shaft of the 
penis internal to Buck’s fascia. 


spongiosum—from the glans to the bulb—the 
extravasation will be contained within the limits 
of Buck’s fascia, filling and producing a swelling 
of this fascial compartment along the ventral sur- 
face of the penis. When Buck’s fascia is ruptured, 
the extravasation spreads between the dartos 
fascia and Buck’s fascia. While between these 
layers extravasation can spread backward into the 
perineum between Colles’ and Buck’s fascia; ven- 
trally into the scrotum between the dartos fascia 
and external spermatic fascia; and cephalad 
around the shaft of the penis beneath Scarpa’s 
fascia over the abdominal wall (Table I). The 
fusion of the dartos fascia with Buck’s fascia at 
the beginning of the pendulous portion of the 
penis described, in some cases may prevent the 
extravasation from spreading down the shaft of 
the penis. In all of these studies the injected 
material was outside of the external spermatic 
fascia in its course through the scrotum. 

B. True extravasation. The tissues, from the 
cadaver of the patient with a case of true extrava- 
sation, were necrotic and could not be dissected as 
well as in the other cases. However, as shown by 
the course of the injected material in this speci- 
men, the extravasation spread in the corpus 
spongiosum from the ruptured penile urethra. It 
then passed through the tunica albuginea of the 
corpus spongiosum and filled a dilated sac formed 
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in Buck’s fascia along the ventral surface of the 
penis. A perforation in Buck’s fascia allowed the 
extravasation to spread between Buck’s fascia and 
the dartos fascia on the ventral surface of the 
penis. Further spread was found between Colles’ 
fascia and Buck’s fascia over the root of the penis; 
between the dartos and external spermatic fascia 
of the scrotum; and the dartos and Buck’s fascia 
over the shaft of the penis. On the abdomen the 
extravasation was found between Scarpa’s fascia 
and the aponeurosis of the external oblique 
DISCUSSION 

It becomes apparent after reading Eycleshymer 
(1917—62:47 and 47:47) and Castiglioni (1941— 
p. 601) that some misunderstanding persists from 
the anatomical point of view as to the justification 
of applying Scarpa’s name to the fascial layer with 
which it is now associated. This feeling has been 
strengthened by a statement of Struthers (1854): 
“Although the description of this fascia by 
Scarpa, .. . is very brief and imperfect, . . . it is 
preferable to have a short specific name for a part 
to which frequent reference is made.” In view of 
the foregoing data it is our recommendation that 
the name of Scarpa be continued to designate the 
superficial layer of deep fascia over the ventral 
abdominal wall. 

In regard to the anatomical and clinical studies 
of Colles and Buck, we agree with most of their 
descriptions of the fasciae which bear their names. 
However, we have added some anatomical details 
to those of Buck. 

Buck’s fascia, by forming a closed compart- 
ment around the corpus spongiosum urethrae, is 
known to be one of the first fascial layers limiting 
the spread of urine extravasated from the penile 
urethra. However, some of the published dia- 
grams of Buck’s fascia, do not show the transverse 
septum of this fascia forming a compartment 
around the corpus spongiosum urethrae. Nor do 
such diagrams clarify the relation of Buck’s fascia 
to the bulbocavernosus and ischiocavernosus 
muscles. 

Buck (Fig. 5) did show the transverse septum of 
this fascia separating the corpora cavernosa penis 
from the corpus spongiosum urethrae and forming 
a compartment around the latter erectile body. 
He also demonstrated the relation of this fascia to 
the dorsal vessels and nerves of the penis and to 
the suspensory ligament and mentioned that this 
fascia may form three compartments around the 
erectile bodies in the perineum. 

From the connections of Buck’s fascia to the 
intrinsic fascia of the bulbocavernosus and ischio- 
cavernosus muscles along the shaft of the penis to 
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Fig. 11. Ventral view of dissected penis. The scrotum 
and the dartos fascia, cut at the base of the glans penis, 
have been removed. Buck’s fascia has been cut along 
the dorsum of the penis and reflected laterally. The 
corpora cavernosa penis are dissected from the glans and 
corpus spongiosum urethrae and retracted to the side. 
Buck’s fascia is cut and retracted over the bulb and over 
the left crus of the penis to show its relation to the bulbo- 
cavernosus and ischiocavernosus muscles respectively. 


the suspensory ligament here demonstrated, this 
fascia may be compared to a prolonged tendon or 
aponeurosis of insertion for some of the fibers of 
these muscles. The extent of the bulbocavernosus 
muscle in a negro cadaver dissected in our ana- 
tomical laboratory suggests this comparison. In 


TABLE I. 


Sequence of tissues involved in extravasation from the 
le ure 

1. Through urethral wall. 

2. Into and through corpus spongiosum urethrae. 

3. Through tunica albuginea of corpus spongiosum ure- 


4. Into the space between tunica albuginea of corpus 
spongiosum and Buck’s fascia. Buck’s fascia may 
limit further spread and the extravasated urine ma 
at a swelling beneath this fascia, since Buck’s 

ascia surrounds the corpus spongiosum urethrae. 

5. Through Buck’s fascia and between: (a) Buck’s and . 
Colles’ fascia of the perineum; (b) Buck’s and dartos 
fascia of the penis; and (c) dartos and external sper- 
matic fascia of the scrotum. 

6. Between Scarpa’s fascia and deep fascia of external 
oblique aponeurosis of ventral abdominal wall. 
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Fig. 12. Penis from specimen in which the urethra was 
perforated surgically. The dartos fascia and scrotum are 
removed. Buck’s fascia is cut along the dorsum of the 
penis and reflected laterally. The corpora cavernosa penis 
with their tunica albuginea are reflected dorsally. Note 


' that Buck’s fascia forms a septum between the corpora 


cavernosa penis and the corpus spongiosum urethrae. In 
the distal part of the shaft of the penis, Buck’s fascia, the 
tunica albuginea, corpus spongiosum, and dorsal wall of 


the urethra are cut to show the latex cast in the urethra, 


this specimen, fibers of the bulbocavernosus mus- 
cle extended around the shaft of the penis within 
Buck’s fascia into the suspensory ligament— 
almost to the fibers of the external oblique apo- 
neurosis. 

As shown in these studies where the course of 
extravasated urine was simulated by injecting 


pigmented material into the urethra perforated by . 


a scalpel, the cavernous tissue of the corpus 
spongiosum becomes filled with the injected ma- 
terial. In this way infection entering a very 
vascular tissue may be introduced into the general 
circulation. The spread of extravasated material 
may be limited by the connections of Buck’s 
fascia along the entire course of the corpus 
spongiosum—from glans to bulb—and then kept 
within this fascia along the ventral surface of the 
penis. When Buck’s fascia is perforated the 
extravasation then may pass between Buck’s 
fascia and the next external layer—Colles’ fascia 
of the perineum; dartos fascia of the scrotum and 


Fig. 13. Ventral view of dissected penis. The dartos 
fascia and scrotum are removed. Buck’s fascia is cut along 
the dorsum of the penis and reflected laterally. The cor- 
pora cavernosa penis is separated from the corpus spongio- 
sum and retracted to the side. Buck’s fascia is cut over the 

roximal part of the corpus spongiosum and reflected 
laterally to show the relation of this fascia to the bulbo- 
cavernosus muscle. The tunica albuginea, part of the 
corpus spongiosum and the ventral wall of the urethra have 
been opened to show the latex cast in the urethra. Note 
point of surgical rupture of the urethra where injected latex 
extravasated and entered tissues of the corpus spongiosum. 


penis; and Scarpa’s fascia over the abdomen, 
since the dartos layer of the penis and scrotum 
are continuous with Camper’s and Scarpa’s 
fasciae. 

These anatomical studies hold a position of ut- 
most importance clinically because they permit 
one to satisfy the two theories of the etiology of 
urinary extravasation from the penile urethra; 
namely hydrostatic and vascular changes asso- 
ciated with bacterial invasion. It is most prob- 
able that urinary extravasation proceeds on the 
basis of a combination of these two theories. 
Furthermore in the opinion of Finestone (1942), 
the contractions of the bulbocavernosus muscle 
and the external sphincter of the urethra, and the 
act of micturation all contribute to the spread of 
urine and infection. Stricture formation also 
plays an important réle. However, Finestone 
(1942) found strictures in 19 of his 32 cases, 
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TABLE II.—STRUCTURE AND CONTINUITY OF FASCIAL LAYERS 


Abdominal wall Penis 
Camper’s fascia 

Subcutaneous, superficial 
fatty layer Dartos fascia 


Membranous. 


Dartos fascia 
Contains Membranous. ad 


Scrotum Urogenital triangle Anal triaagle 

Superficial, fatty layer: Superficial fatty 
betweenskinandColles’ layerand fat pad 
fascia. of ischiorectal 


fossa. 


involuntary muscle fibers. Contains involun- if 
Located between skin and tary muscle fibers. 


/ Buck’s fascia 


Scarpa’s fascia 
Deeper membranous layer— 
attached to iliac fascia below — 
inguinal ligament 


Buck’s fascia 
Aponeurotic. Surrounds 
corpora cavernosa penis 


Buck's fascia 
Continuous with deep fascia 
of external oblique aponeu- 


Located between 
skin and exte: 
spermatic fascia 


Colles’ fascia 
Membranous. At- 
tached to inferior rami 
of ischium and pubis. 
and to dorsal inferior 
border of urogenital 
diaphragm 

Buck's fascia 
Aponeurotic. Forms 
three separate com- 


and corpus spongiosum 
urethrae in separate com- 
partments. External to 
muscles of these erectile 
bodies: internal to dartos 
fascia 


rosis as suspensory ligament 
of penis. May contain ter- 
minal fibers of bulbocaver- 
nosus and ischiocavernosus 
muscles 


whereas Culp (1942) found stricture in 32 of his 42 
cases of urinary extravasation from the penile 
urethra. 

In the extension of the urine from the urethral 
lumen itself we could agree with Wesson (1923) 
that Buck’s fascia is not the impenetrable bul- 
wark generally assigned to it. This fascia is best 
developed in the pendulous part of the penis and 
is much thinner where it covers the bulb of the 
corpus spongiosum and bulbocavernosus muscle. 

Some comments are needed in considering the 
anatomical directions of urine flow in extravasa- 
tion in relation to some of the findings by Fine- 
stone (1941) and in our study. When we injected 
air beneath Scarpa’s fascia, in the suprapubic 
area, it traveled under the dartos of the penis and 
scrotum!. However, air injected in the perineum 
beneath Colles’ fascia as conducted by Struthers 
(1854) would travel in the perineum and inflate 
the scrotum. On the other hand, the injection of 
the penis (corpora cavernosa) by Finestone (1941) 
limited the injected medium to the penis because 
it was held in situ first by the tunica albuginea 
and then by Buck’s fascia*. This fits in, too, with 


1Although the use of 4 Ibs. air pressure in these studies exceeds the 


physiological pressure of extravasated urine, this aye did not pro- 
duce artificial splitting of the fasciae studied. is conclusion was 
based on the comparison of the texture and extent of the fascial layers in 
normal cadavers compared to those from simulated extravasation cases. 

2In Finestone’s other injection experiments, the course of the radio- 
opaque material, injected into the superficial perineal pouch, was the 
same as our findings for pigmented liquid latex o1 vinylite injected into 
the surgically orated urethra. 


partments around 
muscles and erectile 
tissues of penis. At- 
tached superiorly to 
inferior layer of uro- 
genital diaphragm and 
to inferior rami of pu- 
bis and ischium 


Finestone’s view of vascular thrombosis and in- 
fectious thrombophlebitis (chiefly anaerobes) in 
the mechanism responsible for urinary extra- 
vasation. 

The findings of Struthers (see “Historical 
Background”) suggest that if only the perineum 
and scrotum are involved, then Colles’ fascia 
might first be incised and then dissected up under 
the dartos of the scrotum before incision and 
drainage of this region. Furthermore, the re- 
ported anatomical studies in addition to our pres- 
ent work give some support to the opinion that if 
the extravasation of urine is extensive one might 
open Scarpa’s fascia, after suprapubic cystosto- 
my, and then dissect under the dartos of the penis 
and scrotum. The necessary incisions for drainage 
could be made without damage to fascial layers 
and tissues not involved; provided the tissue 
changes are not too marked. 


CONCLUSIONS 


The course of extravasation, observed in studies 
on simulated extravasation from rupture of the 
penile urethra, passes first through the corpus 
spongiosum (where it enters the vascular, erectile 
tissue) and the tunica albuginea of the corpus 
spongiosum. Buck’s fascia limits further spread 
and the extravasation may cause filling and disten- 
tion of this compartment formed around the 
corpus spongiosum. After perforating Buck’s fa- 
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scia the spread is between Buck’s and Colles’ 
fascia in the perineum; between Buck’s and dar- 
tos fascia around the penis; between the dartos 
and external spermatic fasciae in the scrotum; and 
between Scarpa’s fascia and the deep fascia over 
the aponeurosis of the external oblique muscle 
over the abdomen. 

Buck’s fascia is a strong fibrous layer, between 
the dartos fascia and tunica albuginea, which ex- 
tends from the inferior surface of the urogenital 
diaphragm and inferior rami of the pubis and 
ischium around the shaft of the penis to the corona 
of the glans penis. It is external to the deep dorsal 
vessels and nerves of the penis and is continuous 
with the suspensory ligament. Each of the three 
erectile bodies of the penis with their respective 
muscles in the perineum are enclosed in a separate 
compartment of Buck’s fascia. As the corpora 
cavernosa penis and corpus spongiosum urethrae 
approximate each other to form the shaft of the 
penis, all three erectile bodies and their muscles 
are encircled by a common layer of this fascia. A 
transverse septum of Buck’s fascia separates the 
corpora cavernosa penis from the corpus spongio- 
sum urethrae, enclosing the corpus spongiosum 
in a separate compartment along the ventral sur- 
face of the shaft of the penis. The bulbocavernosus 
and ischiocavernosus muscles are inserted into the 
inner surface of Buck’s fascia. This fascia may be 
compared to a prolonged tendon or aponeurosis of 
these muscles. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


This study adds to the anatomy of the fasciae 
related to urinary extravasation and not only pro- 
vides a basis upon which to explain the route and 
structures involved, but also helps to clarify the 
current theories dealing with the mechanism re- 
sponsible for extravasation of urine. 
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THE VALUE OF A NEW COMPOUND USED IN SOAP TO 
REDUCE THE BACTERIAL FLORA OF THE HUMAN SKIN 


EUGENE F. TRAUB, M.D., New York, New York, CHESTER A. NEWHALL, M.D., and 
JOHN R. FULLER, B.S., Burlington, Vermont 


HE war has again emphasized the 

primary importance to the individual 

of soap—the most commonly used chem- 

ical substance contacting the human 
skin. Attempts to produce a germicidal soap, 
which would satisfactorily cleanse the skin and 
at the same time materially reduce its bacterial 
flora have in the past not been entirely success- 
ful. The germicidal value of soaps has been dis- 
cussed by several authors (4). Another group of 
authors have devoted their attention to studies of 
the bacterial flora of the skin (7, 8, 9, 12). 

The primary object of our study was to in- 
vestigate the germicidal action on the skin of the 
human hands and forearms of a new synthetic 
phenol, 2,2’-dihydroxy-3,5,6-3’,5’,6’-hexachlo- 
ro-dipheny]-methane' (hereinafter termed 
incorporated in toilet soap. Preliminary studies 
determined the effect of G-11 upon the growth of 
certain micro-organisms. Further, the human 
skin was tested for sensitivity to G-11. Finally, 
we studied the effect of G-11 upon the bacterial 
flora of the hands and forearms of over 20 in- 
dividuals completing over 121 series of washings. 

The striking results we obtained in reducing 
and maintaining low bacterial counts on the skin 
surface as a result of the regular daily use of a 
new compound incorporated in ordinary toilet 
soap will, we feel certain, therefore, be of great 
importance in many fields, but especially in sim- 
plifying surgical scrub-up technique. MacKee,? 
in commenting on our experiments, said, “This 
seems a convincing result and it should be a use- 
ful soap. The bacterial results, if corroborated, 
are remarkable.” 

Price* has appraised the effectiveness of com- 
pound G-11 incorporated in soap as follows: 
“There can be little doubt, I think, that you have 
a product here which is effective in reducing the 
bacterial flora of the hands to a remarkable de- 
gree and one which may find a field of usefulness 
in the surgical preparation of hands.” 


Experimental ond ety of Vermont College of Medi- 
ime, Burlington, Verm 

‘William S. Gump, U. Patent 2,250,480. 

2Personalk communication. 

*Personal communication. 


GERMICIDAL ACTIVITY IN VITRO OF COMPOUND G-I1 
AND OF 
SOAPS CONTAINING COMPOUND G-II 
Compound G-11 (2,2’-dihydroxy-3,5,6-3’,5’,6’- 
has the structural 


Compound G-11 when tested in the form of its 
sodium or potassium salt is strongly bacteriostatic 
and bactericidal against Staphylococcus aureus 
and other gram-positive cocci, such as Strepto- 
coccus hemolyticus type C and Streptococcus 
viridans. Excess alkali does not interfere with this 
bactericidal action. The Staphylococcus aureus 
phenol coefficient of G-11, determined at 37 degrees 
C. by the Food and Drug Administration method 
(1) is approximately 125. The activity of G-11 is 
somewhat reduced in the presence of serum; it is 
also weaker in its action against gram-negative 
micro-organisms, such as Eberthella typhi and 
Escherichia coli. These facts were determined by 
numerous im vitro culture experiments including 
also the so called wet filter paper technique (1). 
Rabbit experiments to compare the bactericidal 
properties of soap containing 2 per cent of G-11 
and a soap of identical composition without the 
G-11 were carried out, in general, the technique 
of J. S. Simmons being used (14). The results 
obtained showed that the G-11 soap, while not 
sterilizing superficial wounds, did produce a de- 
cided decrease in the bacterial count. 


TESTS FOR SKIN SENSITIVITY 


To test the allergic, irritating, or sensitizing 
indices of G-11, we performed patch tests on 
more than 200 subjects.‘ The procedure® was to 

‘More than 100 practically si ag tests had been pre- 
viously performed by H. J. Udinsky, M.D., Passaic, New Jersey, 
with entirely negative results. 


5] have done 400 additional patch tests with G-11 with all neg- 
ative results.—E. F. T. 
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test each subject with (1) 0.5 per cent G-11 in 
petrolatum, (2) 1 per cent G-11 in petrolatum. 
The patch tests were applied in the usual ortho- 
dox manner and the tests were read 5 days later. 
All tests were negative. Ten days after reading 
the first tests, each patient was patch-tested at or 
about the same site to determine whether any 
sensitivity might have been produced. These 
patch tests were allowed to remain in place for 
48 hours and were read at the end of 48 hours and 
daily for to days thereafter. All these tests were 
negative, indicating that G-11 was nonirritating 
to the skin and was not a skin sensitizer. In addi- 
tion, none of the subjects used for the washing 
experiments developed any evidence of skin irrita- 
tion or dermatitis. A group of subjects have now 
used the soap containing G-11 for approximately 
1 year with not a single instance of irritation, 
- despite the fact that included in this group were 
individuals with known allergies (asthma, hay 
fever, and eczema). 


DEVELOPMENT OF THE EXPERIMENTAL METHOD 


Mercury compounds and phenols have been 
employed in soaps in attempts to increase their 
bactericidal activity. Phenols have proved to be 
ineffective and the mercurials, though efficient, 
hold the threat of possible toxicity and irritation. 
Furthermore, the bacteriostatic action of mercury 
compounds must be taken into consideration, and 
it is quite possible that bacteriostasis was mis- 
taken for germicidal action where high bacteri- 
cidal powers of soaps containing mercurials were 
reported. Mercuric chloride or potassium mer- 
curic iodide solutions do not reduce the flora of 
the skin appreciably, but paradoxically, a sterile 
cutaneous surface may be produced. This phe- 
nomenon is, according to Price (12), due to the 
formation of a transparent “film” on the skin 
under which the bacteria are imprisoned. There, 
conditions are so suitable to life that multiplica- 
tion takes place, the existing bacterial flora 
doubling every 50 minutes. When the “film” is 
broken up, the bacteria are released uninjured. 
The same was true of other mercurials tested. 

Norton (1920) compared the effect of washing 
the hands with ordinary soaps and with germicidal 
soaps. Hampil (1928) found that the soaps ap- 
parently interfere with the action of the disin- 
fectant rather than enhancing it. McCulloch has 
reviewed the literature on this subject and dis- 
cussed the advantages and disadvantages of 
adding bactericidally active chemicals to soaps. 
It has been thought that phenols have not been 
effective in the presence of soap because they 
form inactive salts with the alkali of the soap. 


series of washings, using the substances to be 


However, G-11 apparently behaves differently. 
When G-11 is added to excess alkali, only one of 
the two hydroxy groups is neutralized by alkali, 
thus leaving the remaining group free. This may 
account for the activity of G-11 in the presence 
of alkaline soap. When incorporated in small 
amounts in soaps, compound G-11 exhibits the 
unusual property of retaining sufficient of its bac- 
tericidal activity to render such soaps germicidal. 
The behavior of G-11 in this respect is contrary 
to that of most other phenolic substances. Other 
properties of the soap, such as detergency, lather- 
ing power, pH, etc., are not affected by the pres- 
ence of compound G-11. 

Price (13), devising a new test for the study of 
the bacterial flora of the apparently normal skin, 
showed that if a person scrubs his hands and fore- 
arms according to a standard technique for a 
given period, the number of bacteria removed 
may be determined with reasonable accuracy by 
plating a sample of the soapy solution of rinsings 
obtained, incubating for 48 hours, and counting 
the number of colonies. If a series of basins is 
used and the hands and arms are scrubbed in each 
one for the same length of time in a perfectly 
uniform manner, the bacterial flora of the skin is 
reduced at a constantly diminishing rate and a 
regular, logarithmic curve may be plotted from 
the data. Deviations from this standard rate may 
be caused by other influences, like the use of 
bactericides or the wearing of rubber gloves; it is 
thus possible to evaluate quantitatively the effect 
of skin-degerming agents, such as germicidal 
soaps. Price’s procedure as slightly modified by 
Pohle and Stuart (11) showed that rosin soap and 
a commercial soap containing rosin were more 


active germicidally on the bacteria normally - 


found on human skin than the usua! commercial 
fatty soaps free from rosin. 

Pohle and Stuart (11) called attention to Price’s 
classification of the microbial flora of the hands as 
the transient flora and the resident flora. It has 
been observed that the former are readily removed 
by washing with soap and water, whereas the 
latter are quite resistant to removal. Pillsbury 
and associates noted that after the seventh scrub- 
bing most of the transient bacteria had been re- 
moved from the skin, the count in subsequent 
scrubbings remaining practically constant. Price 
(14) reported that none of the commercial toilet 
soaps used by him had any germicidal activity 
on the resident population of the skin, the only 
action of the soap being the mechanical removal 
of some of the organisms. Pohle and Stuart (11), 
when testing a germicidal solution, carried on a 
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tested in one or more of basins No. 4, No. 5, and 
No. 6 in a series of ten basins. The same method 
was used in testing cocoanut oil soap to which 
rosin had been added. They also gave six sub- 
jects commercial soap containing rosin and asked 
them to wash with it at home and in the labora- 
tory for 1 week. At the end of the week they 
washed according to the normal procedure using 
a control soap in all 1o basins. The curves ob- 
tained by plotting the count for the normal pro- 
cedure before and after using commercial rosin 


soap for 1 week showed* that both the transient: 


and resident flora of the hands were materially 
reduced. 

During our experiments, we used as subjects a 
group of people who washed certain definitely 
measured skin areas of the hands and forearms 
according to a standard technique based upon the 
Pohle and Stuart (10) modification of Price’s 
method, and improved by some refinements in 
technique that suggested themselves to us as we 
proceeded with the experiments. 

For each subject 1o sterile basins were used, 
each containing 2000 cubic centimeters of freshly 
distilled water at 23-28 degrees C. The subject 
was instructed regarding the washing technique 
and carefully measured lengths of the hands and 
forearms (14 inches from the tip of the middle 
finger) were marked off with “wet-proof” ad- 
hesive tape. Price, Pohle and Stuart, Pillsbury 
and associates merely indicated to the subject the 
point on the forearm to which the washing should 
be carried, as otherwise the subject might vary 
the area scrubbed by more than an inch or two 
without realizing it, and this would cause unfair 
variations in the counts, but we felt it more ac- 
curate to delimit the area definitely by taping. 
First a strip of tape 1 inch in width was applied 
encircling the forearm above and even with the 
mark. The distal edge of this strip was sealed 
with another strip one-half inch in width. At the 
first basin the subject moistened his hands in the 
water. Immediately afterward, by use of a stop- 
watch, the subject was given 25 seconds in which 
to work up a soapy lather followed by a period of 
75 seconds which was devoted to scrubbing (with- 
out a brush) the test areas. This was followed 
immediately by a twenty-second period of rinsing 
in the basin. The subject moved to the next basin 
and repeated the procedure. 

Within an interval not exceeding 2 minutes! 
after the subject finished at a basin, two 0.1 cubic 
centimeter samples were removed from the soapy 
water in the basin and each was placed in a sterile 
Petri dish. Here we had changed the previously 

\Change made by us. 
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recommended technique to remove the sample 
for plating in less than 2 minutes, rather than to 
permit the entire series of washings to be com- 
pleted (as had previously been done) before pro- 
ceeding with the culturing. It should be apparent 
at once that if the basins with the soap solutions 
and bacteria are allowed to stand varying lengths 
of time before plating, one is not testing the effect 
of the agent on the bacteria on the skin alone, but 
also its effect on the bacteria while in the basin. 
Also the end of the pipette was wiped each time 
with a sterile swab to free the tip of soapy water 
before proceeding with the plating. These changes 
were considered as materially enhancing the ac- 
curacy of the counts. Approximately 15 cubic 
centimeters of melted (45°C.) beef heart infusion 
hormone agar pH 7.2 were added to each dish. 
The dishes were agitated to disperse the organ- 
isms and the media was allowed to solidify. They 
were inverted and incubated at 37.5 degrees C. 
for 48 hours and then counted on a Quebec colony 


‘counter. 


All glassware and other apparatus that came 
into contact with any of the test materials had 
been previously sterilized in an autoclave or hot 
air oven. The bars of soap were placed in petri 
dishes marked for identification. 

As suggested by Pohle and Stuart, the distilled 
water was used at a temperature of 23-28 degrees 
C. One-tenth cubic centimeter samples of the 
water taken at random from several basins showed 
the count of the distilled water to be two to three 
cultivatable organisms per cubic centimeter. This 
figure was so low it apparently had no effect upon 
the possible error of the tests. 

The basins used in the experiment were white 
enameled and measured 14% inches long, 10 
inches wide, and 2% inches in depth. These 
basins were nested in groups of 10, enclosed in 
unbleached muslin bags and sterilized at 15 
pounds pressure for 45 minutes in an autoclave. 

Media. The media used was beef heart infusion 
hormone agar, 1.5 per cent.! 

Soap. Bars of toilet soap?—(1) those contain- 
ing compound G-11, and (2) same without G-11 
added, namely, the “blank” or “control soap.” 

Alcohol. In some of the experiments 70 per 
cent (by weight) ethyl alcohol was used. This 
was prepared as follows: To ethyl alcohol, abso- 
lute, 280 grams, add, distilled water, 120 grams. 
Mix and stopper tightly to prevent loss of alcohol 
by evaporation. 

Following the procedure previously described, 
we performed hand washing experiments to de- 


1For details on the tion of media, consult the authors. 
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TABLE I.—AVERAGE COLONY COUNTS 


Washing procedure 


Initial washings, control soap used in all basins. 
Average of 25 subjects (Fig. 1) 


Washings, 2 per cent G-rz soap used in all basins. 
Average of 6 subjects (Fig. 1) 


2 per cent G-rr soap used in basins 4, 5, and 6, 
control soap in other basins. Average of 
16 subjects (Fig. 2) 


4 per cent G-rr soap used in basins 4, 5, and 6, 
control soap in all other basins. Average of 6 
subjects (Fig. 2) 


70 per cent ethyl alcohol used in basin 5, control 
basins. Average of 9 subjects 
ig. 3 


70 per cent ethyl alcohol used in basin 5 for 50 
seconds, then washed with control pone fas 50 
seconds and rinsed. Control soap in all other 
basins. Average of 6 subjects (Fig. 3) 


2 per cent G-11 soap used in basin 5, control soap 
i all — basins. Average of 9 subjects 
1g. 3 


The counts as shown are given in thousands. 


termine the practical germicidal action of soap 
containing G-11 on the human skin. Further in 
order to investigate the possibilities of G-11 soap 
from the standpoint of practical application to 
operating room personnel, we thought that it 
would be well to study the efficiency of this soap 


in surgical scrub-up technique. 


RESULTS OF EXPERIMENTS 
1. Preliminary studies. The obtained results 
indicating the average colony counts per basin for 
each procedure are given in Tables I and II and 
Figures 1 to~8. Charts and graphs showing the 
performance of each subject are available but are 
not included in this report. For the convenience 


TABLE II.—AVERAGE COLONY COUNTS 


Washing procedure 


Washings, control soap used in all basins. Av-|- 


erage of 6 subjects (Fig. 4) 


Average of 3 subjects who had used control soa; 
for a period of r week. Control soap used in 
basins (Fig. 4) 


Average of 3 subjects who had used 2 per cent 
G-11 soap for a period of 1 week. Control soap 
used in all basins (Fig. 4) 


Washings, control soap used in all basins. Av- 
erage of 14 subjects (Fig. 5) 


Average of 4 subjects who had used control soap 
for a period of r week. Control soap used in 
all basins (Fig. 5 


Average of ro subjects who had used 2 per cent 
G-11 soap for a period of 1 week. Control soap 
used in all basins (Fig. 5) 


Initial control soap washings. Average of 6 sub- 
jects (Fig. 7) 


Final control soap washings after the 6 subjects 
ad used 2 per cent neko soap routinely for 1 


h 
week (Fig. 7) 


The counts as shown are given in thousands. 
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Fig. 1. A, Washings, control soap used in all basins. 
Average of 25 subjects. B, Washings, 2 per cent G-11 soap 
used in all basins. Average of 6 subjects. 


of the reader, averaged smoothed curves were 
drawn, as the actual counts of each basin can be 
found in the tables. 

We have found in a large number (25 subjects) 
of control soap washings (Fig. 1), that there is a 
rather steep drop corresponding with the removal 
from the skin of the transient flora in the first few 
basins followed by a leveling off of the curve in 
the remaining basins concerned chiefly with the 
resident flora. This agrees with the findings of 
Price, Pohle and Stuart, and Pilisbury and asso- 
ciates. For comparison, 2 per cent G-11 soap was 
used in all 1o basins; a steeper decrease of the 
bacterial ‘counts is noted from basin 1 to basin 2, 
as well as a greater comparative percentage drop 
in all basins. 

Another series (Fig. 2) shows that when. 2 per 
cent G-11 soap was used in. basins 4, 5 and 6, 
there was some drop in the number of bacterial 
colonies cultured from each of these basins. Soap 
containing 4 per cent G-11 was tried in the same 
manner; the drop of the bacterial counts was 
somewhat greater. This effect was not pro- 


Fig. 2. A, Initial washings, control soap used in all 
basins. Average of 25 subjects. B, 2 per cent G-11 soap 
used in basins 4, 5, and 6. Control soap used in all other 
basins. Average of 16 subjects. C, 4 per cent G-11 soap 
used in basins 4, 5, and 6. Control soap used in all other 
basins. Average of 6 subjects. 


nounced enough to warrant the recommendation 
of using such a concentration because in the later 


. work, regular use of soap containing 2 per cent of 


G-11 gave extremely low counts. 

A third series of observations (Fig. 3) show a 
comparison of the effect of 2 per cent G-11 soap 
and the effect of 70 per cent (by weight) ethyl 
alcohol when these substances were used in basin 
5. As there was a considerable increase of the 
bacterial count from basin 5 when alcohol alone 
was used, to basin 6, where soap was again ap- 
plied, the reason for the drop might be that alco- 
hol is not as effective as soap in removing bacteria 
from the skin, as suggested by Cromwell and 
Leffler. When alcohol is followed by scrubbing 
with control soap in the same basin, more organ- 
isms are removed than with alcohol alone, further 
substantiating the view of Cromwell and Leffler. 
These authors have found that some chemicals, 
such as ethyl alcohol and potassium alum, have 
a hardening action on the skin surface, making 
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COLONIES 


4 000,000 


2,500,000 


| 


Fig. 3. A, Seventy per cent ethyl alcohol used in basin 5. 
Control soap used in all other basins. Average of 9 sub- 
jects. B, Seventy per cent ethyl alcohol used in basin 5 for 
50 seconds only, followed by washing with control for 5 
seconds. Average of 6 subjects. C, Two per cent G-11 soap 
used in basin 5. Control soap used in all other basins. 
Average of 9 subjects. 


subsequent washing less effective. Alum 1o per 
cent, aqueous, though not germicidal, gives as 
good a “bacterial destruction” curve as 70 per 
cent alcohol, since few bacteria can be washed off 
after its use. As many antiseptics have a harden- 
ing or a softening effect on the skin that might 
influence the results by this method of testing, 
these factors should be considered in any com- 
parative evaluations. 

Our most encouraging results (Table II) were 
obtained as follows: 

Six subjects washed the skin test areas using 
control soap in all 10 basins. Three of the sub- 
jects were given bars of 2 per cent G-11 soap and 
the remaining 3 were given bars of control soap. 
Both groups were instructed to use these bars of 
soap in all washings such as hand washing, wash- 
ing any part of the body, washing dishes, etc., for 
1 week. At the end of this period all of the sub- 


Fig. 4. A, Initial washings, control soap used in al 
basins. Average of 6 subjects. B, Control soap used in all 
basins. Average of 3 subjects who had used control soap 
for the period of one week. C, Control soap used in all 
basins. Average of ; subjects who had used 2 per cent G-11 
soap for a period of one week. Figures indicate that resi- 
dent level was reached practically from second basin. 


jects washed again with control soap in all basins. 
Those subjects who had been using the control 
soap for 1 week showed counts closely following 
the initial control soap curve (transient and resi- 
dent portions of the curve being easily identified). 
The subjects who had been using the 2 per cent 
G-11 soap for 1 week gave remarkably low counts, 
the figures indicating that the resident level had 
been reached practically from the second basin 
on, and this new resident level was a small per- 
centage of the resident counts indicated in the 
control series (Fig. 4). 

These extremely low counts induced us to re- 
peat this experiment with a larger group of sub- 
jects. Ten persons who used 2 per cent G-11 soap 
regularly for 1 week again showed a great reduc- 
tion of the bacterial flora of their skin (Fig. 5). 

It also was thought to be of interest to compare 
a soap containing a mercury compound with the 
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Fig. 5. A, Initial washings, control soap used in all 
basins. Average of 14 subjects. B, Control soap used in 
all basins. Average of 4 subjects who had used control 
soap for a period of 1 week. C, Control soap used in all 
basins. Average of ro subjects who had used 2 per cent 
G-11 soap for a period of 1 week. 


2 per cent G-11 soap. Two per cent neko soap 
which contains 2 per cent of mercuric iodide as a 
germicidal agent was selected for this experiment. 
Three subjects were given bars of control soap 
and 6 subjects received 2 per cent neko soap. All 
were requested to use these soaps in all washings 
for a period of 1 week; at the end of the week, 
the bacterial flora of their hands and forearms 
was determined by the standard 10 basin wash- 
ings with control soap. The counts are shown in 
Fig. 7. Apparently the regular use of 2 per cent 
neko soap does not give a significantly greater 
reduction of the bacterial flora of the skin than 
the ordinary toilet (control) soap. 

One case of particular interest (Fig. 6) is that 
of one subject who was included in the group 
using 2 per cent G-11 soap for 1 week following 
and preceding routine control washings. He had 
just come from football practice when he appeared 
for the final control soap washings and his hands 


Fig. 6. A, Initial washings, control soap used in all 


basins. Average of 25 subjects. B, Colony counts on one 
subject who had used 2 per cent G-11 soap for a period of 
1 week. Control soap used in all basins. 


were visibly soiled. Upon examination of the 
colony counts from the ensuing series of washings, 
we noted that the first basin gave a count of 
290,000 colonies. This count is only slightly 
higher than the average and much lower than had 
been expected, considering the dirty hands of this 
subject. The curve then sharply descended and 
flattened out to the typical level found in the 
other subjects using the same washing program. 

Another interesting episode had to do with the 
interruption of control soap hand washing periods 
by surprise blackouts which came 2 weeks apart. 
It happened that when the laboratory lights went 
out on both nights the same subject had reached 
the same basin (8th) in the series of washings and 
it was necessary for him to stand with his arms 
wet in contact with air for 20 minutes. Due 
probably to the softening effect of water on his 
skin, the counts in the first basins after scrubbing 
was resumed rose to remarkable heights (1st 
night: 6,280,000; 2nd night, 6,250,000). This 
close agreement of the counts encouraged us 
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Fig. 7. A, Initial washings, control soap used in all 
basins. Average of six subjects. B, Control soap used in 
all basins. Average of 6 subjects who had used 2 per cent 
neko soap for a period of 1 week. C, Control soap used in 
all basins. Average of 3 subjects who had used 2 per cent 
G-11 soap for a period of 1 week. 


greatly with respect to the apparent accuracy of 
the experimental method. 

In general, the above experiments show that 
three 2-minute washings or even ten 2-minute 
washings with 2 per cent G-11 soap had slight 
effect in depressing the bacterial flora of the skin 
as compared with the great reduction noted after 
1 week’s regular use of the same soap. Obviously 
instantaneous killing of the bacteria takes place 
to a small degree only; the effect of 2 per cent 
G-11 soap apparently is cumulative. 

2. The use of 2 per cent G-11 soap in a surgical 
scrub-up technique. The surgical scrub-up proce- 
dures were simulated in that college students 
were used as subjects. In some instances basins 
of still water were used for rinsing and in other 
instances running water was used. 

As a control experiment we first had 3 of our 
subjects wash according to the routine surgical 
scrub-up technique in use at the Mary Fletcher 


Fig. 8. A, Subjects washed according to a routine sur- 
gical wash-up technique which included the use of iodine 
and alcohol after basin 4. B, Results of washings after 
subjects had used 2 per cent G-11 soap for 1 week, Here 
the surgical wash-up technique was modified by substitut- 
ing control soap for hospital soap and omitting iodine and 
alcohol. Forty-five minutes’ time elapsed between basins 
ae 5. During this period subjects wore sterile rubber 
gloves and manipulated surgical instruments. 


Hospital in Burlington, Vermont. After the sub- 
jects had done this, they donned sterile sleeves 
and sterile rubber gloves and were asked to 
manipulate surgical instruments for a period of 
45 minutes. At the end of this period the sleeves 
and gloves were removed and the subjects washed 
by our regular technique for 2 minutes in each of 
three basins of freshly distilled water. An exact 
account of the scrub-up technique as used follows: 

The usual skin test areas were marked off with 
wet-proof adhesive tape and the subject was in- 
structed on the importance of observing strictly 
aseptic technique. He then began to wash. 

Basin 1. The subject scooped up hospital soap! 
and washed his hands only for 30 seconds. He 
then rinsed in the basin for 20 seconds. 


1A liquid soap prepared from caustic potash and linseed oil. It con- 
tained no alcohol. 
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TABLE III.—AVERAGE COLONY COUNTS—SURGICAL SCRUB-UP TECHNIQUE 


Washing procedure 


Standard hospital surgical scrub-up technique. 
Average of 3 subjects (Fig. 8) 


Modified surgical scrub-up technique after 
routine use of J cent G-r1 soap for 1 week. 
Average of 3 subjects (Fig. 8) 


Routine surgical scrub-up technique—running 
water ax Average of 3 subjects (Fig. 9) 


Routine surgical scrub-up technique—iodine and 
alcohol omitted, control soap used instead of 
hospital soap. Average of 3 subjects (Fig. 9) 


Standard technique using control soap. One 
basin only to arrive at transient level. This 
immediately preceded the distribution of bars 
of 2 per cent G-11 soap 


Routine surgical scrub-up technique omitting 
iodine and alcohol and using control — Two 
subjects had used 2 per cent G-11 soap for pre- 
vious week (Fig. 9) 


The counts as shown are given in thousands of colonies per basin. 


Basin 2. The subject picked up a sterile brush, 
wet it with hospital soap and then washed the 
skin test areas of one limb, successively scrubbing 
the backs and fronts of each digit, the palms and 
wrists, the knuckles, and the forearms for a period 
of 3 minutes and rinsed 20 seconds. 

Basin 3. The subject repeated the performance 
of basin 2 on the other limb, again washing 3 
minutes and rinsing 20 seconds. At this point 
the subject put aside the brush, laying it in a 
sterile Petri dish cover and cleansed his nails with 
the point of a nail file and an orange stick. No 
time limit was put on this action. 

Basin 4. All the test areas of both limbs were 
scrubbed with the brush, soap being used as 
needed for a period of 4 minutes, devoting half of 
the time to each limb. The subject rinsed for 20 
seconds and discarded the brush. 

The ends of the digits to the distal inter- 
phalangeal joints were dipped into half strength 
tincture of iodine and withdrawn at once. The 
hands were briefly rinsed in 75 per cent (by vol- 
ume) ethyl alcohol which was slightly tinged with 
iodine, and the arms were raised to allow the ex- 
cess alcohol to run down the forearms. The sub- 
ject wiped his hands and arms with a sterile towel, 
pulled on sterile muslin sleeves, powdered his 
hands with sterile talc and put on sterile rubber 
gloves. , F 

The subject manipulated surgical instruments 
for a period of 45 minutes. The rubber gloves 
were aseptically removed and the subject washed 
in basins 5, 6, and 7, 2 minutes in each without a 
brush and using a bar of control soap.. 


When the subjects had completed the foregoing 
experiment they were sent home with bars of 
2 per cent G-11 soap to use routinely during the 
following week. Seven days later they again 
scrubbed by a method similar to the above, but 
altered so that no germicidal materials were used. 
Bars of control soap were substituted for hospital 
soap and the tincture of iodine and alcohol were 
omitted. A basin of freshly distilled water was 
substituted in place of the alcohol rinse after 
basin 4. 

The obtained results may be seen in Table III 
and Figure 8. The number of bacteria removed 
from the hands and arms by washing in basins 
1 to 4 were added together, also the number in 
basins 5 to 7. In the case of the routine surgical 
wash-up technique, the count in basin 5, deter- 
mined 45 minutes after the use of the iodine dip 
and the alcohol rinse, is quite low, thus showing 
that this scrub-up method appears to be exceed- 
ingly trustworthy. Figure 8 further demonstrates 
that the regular use of 2 per cent G-11 soap over 
a period of 1 week prior to the scrubbing enables 
the washer to reach the resident level of bacterial 
flora practically at the start so that the surgical 
scrub-up time could be greatly shortened under 
these conditions. It is also to be noted that the 
count of the group using the standard scrub-up 
technique was several times higher in basin 5 (the 
first basin after the gloves were removed) than 
that shown after the routine use of 2 per cent G-11 
soap. In the latter case this low count was 
reached without the benefit of either iodine or 
alcohol. 


8 .;, 
| Basins 
I 2 3 4 5 6 7 8 9 10 


Total Number of Bacteria Removed. 


AAA 


Fig. 9. A, Routine surgical scrub-up technique. B, 
Routine surgical scrub-up technique omitting iodine and 
alcohol and using control soap instead of hospital soap. 
C, Same scrub-up as B after subjects had used 2 per cent 
G-11 soap routinely for 1 week. Forty-five minutes elapsed 
time between basins 6 or 7 and 8. During this period sub- 
jects wore sterile rubber gloves and manipulated surgical 
instruments, 


An objection may be raised to the fact that 
rinsings were not made in running water. It is 
also realized that the subjects began to use 2 per 
cent G-11 soap routinely immediately after the 
use of iodine and alcohol. However, we believe 
that this had no appreciable effect upon the re- 
sults; according to Price, 1 week is sufficient to 
re-establish the normal count of the bacterial 
flora and undoubtedly, the regular use of the 2 per 
cent G-11 soap caused a great reduction in the 
number of bacteria which were removed by 
scrubbing. 

In order to eliminate these possible objections, 
a second series of 3 experiments was carried out. 
They differed chiefly from the previous tests in 
that running sterile distilled water was used for 
washing and rinsing and that 2 weeks elapsed be- 
tween the application of alcohol and iodine and 
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the start of the use of 2 per cent G-11 soap 
routinely for 1 week. 

The results of this second series are shown in 
Table III and Figure 9. The number of bacteria 
removed in basins 1 to 6 and 8 to 10 were again 
added together. Basin 7 was omitted from graph 
A in order to have a better comparison with ex- 
periments B and C where the procedure of basin 7 
(alcohol-iodine dip) was not applied; in the table, 
however, the count for basin 7 of the first experi- 
ment is given. 

The procedures applied were as follows: 

All water used in this series was running water 
and was used as needed during the series, whether 
for lathering, scrubbing, or rinsing. A reasonable 
time was allowed for rinsing but a stop-watch 
time was not held on this procedure. The running 
water flowed at the rate of approximately 2000 
cubic centimeters in 20 seconds. The amount of 
water used in each basin was the standard quan- 
tity of 2000 cubic centimeters. 

Washings of first experiment: 

Basin 1. The subject scooped up hospital soap 
and washed his hands only for 30 seconds. He 
then rinsed his hands in running water. 

Basin 2. The subject picked up a sterile brush, 
wet it with hospital soap and then washed the 
skin test areas of one limb, successively scrubbing 
the backs and fronts of each digit, the palms and 
wrists, the knuckles and the forearms, for a period 
of 2 minutes, and rinsed the areas. 

Basin 3. The subject repeated the basin 2 per- 
formance on the other limb, again washing 2 min- 
utes and rinsing the areas. 

Basin 4. At this point the subject discarded 
the brush and cleansed his nails with a nail file 
and attended to the cuticles with an orange stick. 
Sufficient time was given to enable the subject to 
do this thoroughly but stop-watch time was not 
taken. The subject then rinsed both hands as 
well as the file and the stick. 

Basin 5. The test area on one limb was 
scrubbed with a fresh sterile brush, soap being 
used as needed for 3 minutes, and then this limb 
was rinsed. 

Basin 6. The subject repeated the basin 5 per- 
formance on the other limb, using the same brush, 
washing for 3 minutes, and then rinsing this limb. 
The brush was then discarded. 

Basin 7. The ends of the digits to the distal 
interphalangeal joints were dipped jnto half 
strength tincture of iodine and withdrawn at 
once and allowed to dry briefly. The hands were 
thoroughly rinsed in 75 per cent (by volume) 
ethyl alcohol, and the limbs were raised to allow 
the excess alcohol to run down the forearms. The 
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subject then washed his test areas with control 
soap according to standard technique and the 
rinsings were collected in this basin. The subject 
then wiped his hands and wrists with a sterile 
towel, pulled on sterile muslin sleeves, powdered 
his hands with sterile talcum powder, and put on 
sterile rubber gloves. 

The subject then manipulated surgical instru- 
ments for a period of 45 minutes. 

Basins 8, 9 and 10. The rubber gloves were 
aseptically ‘removed, and the subject washed in 
basins 8, 9, and 10, two minutes in each, accord- 
ing to standard technique without a brush and 
using control soap. 

When alcohol and iodine and hospital soap 
were used, approximately the same results were 
obtained as in the similar previous experiment 
(Fig. 8) except that the counts were elevated all 
the way through, perhaps due to the running 
water being used in rinsing and to the warmer 
weather. 

When in the second experiment the alcohol and 
iodine were omitted, and the control soap sub- 


stituted for the hospital soap, the colony counts: 


after removal of the gloves were about twice as 
high as those of the regular surgical scrub-up 
technique. 

The final experiment involved the omission of 
the alcohol and iodine and the use of control soap 
subsequent to a week’s use of 2 per cent G-11 soap 
routinely. 
gloves were put on and after their removal were 
much lower than corresponding counts in the 
experiment in which hospital soap and alcohol 
and iodine were used. 

Our findings do not confirm Price’s observation 
regarding the great increase in bacterial counts 
as a result of wearing rubber gloves. However, 
it seems reasonable to presume that a surgeon 
under the mental strain and physical exertion of 
an operation would sweat much more than did 
our subjects, and this added moisture might en- 
hance bacterial growth and possibly might ac- 
—_ for the difference between Price’s and our 
results. 


1. Two per cent dihydroxyhexachloro diphenyl 
methane (G-11) incorporated in toilet soap en- 
abled individuals to maintain an exceedingly low 
bacterial population on the skin of the hands and 
forearms. 

2. Compound G-11 was non-irritating to the 
skin as judged by more than two hundred patch 
tests. These were repeated on the same subjects 
after 10 to 14 days and were again found to be 
negative, showing that no sensitivity of the skin 


SUMMARY AND CONCLUSIONS 


The counts obtained both before the’ 
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had been produced by the first tests. Subjects 
using 2 per cent G-11 soap regularly for 1 year 
have shown no evidence of irritation. 

3. Our hand washing experiments (121 in- 
dividual series of washings) indicate that the 
most significant results were obtained by the reg- 
ular routine use of 2 per cent G-11 soap. The 
evidence indicates that the regular use of toilet 
soap containing compound G-11 in a concentra- 
tion of 2 per cent has such an effect on the bac- 
terial flora of the human skin that the so called 
resident bacteria are decidedly and permanently 
(as long as this soap is used) reduced in number. 
An individual using this soap regularly has a 
lower resident count after 2 minutes of washing 
than an individual who washes for 20 minutes 
with ordinary toilet soap. The striking bacteri- 
cidal effects obtained by daily use of toilet soap . 
containing compound G-11 shown in Figure 4,. 
compared with regular use of ordinary or control 
soap and neko soap, indicate its value. 

4. These results lead us to conclude that the 
daily use of a soap containing compound G-11 
would enable a surgeon or operating room at- 
tendant to maintain an extremely low resident 
bacterial population on his skin. 

5. This has suggested the possibility of shorten- 
ing the routine preoperative scrub-up procedures 
and perhaps the elimination of use of irritating 
germicides without any sacrifice of skin cleanliness. 

6. Regular use of soap containing compound 
G-11, according to our experiments, should reduce 
the probability of infection following skin abra- 
sions and superficial wounds. This point might be 
of value in the hygienic care of members of the 
armed forces. Attendants of wounded in front- 
line areas where lengthy surgical scrub-up routines 
which include the use of alcohol and iodine may 
be out of the question could nevertheless feel that 
the resident bacterial populations on their hands 
were at an exceedingly low level. 

7. The economy suggested by the omission of 
the alcohol and iodine rinse may be an important 
factor, especially now when they are not readily 
obtainable. 

8. The use of G-11 either in soap or in other 
vehicles for protection against skin infections from 
barber shops, beauty parlors, hair follicle infec- 
tions from cutting oils, et cetera, is suggested. 


Note.—No special mention has been made in this article 
about the method of incorporation of G-11 into soap be- 
cause in the case of cake soaps the compound would have 
to be incorporated at the time of manufacture. In the case 
of liquid soap, all that would be necessary would be to add 
2 per cent of the compound G-11 to the liquid soap and 
thoroughly mix. Due to wartime restrictions, soap con- 
taining G-1r cannot be made available at the present 
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time by Givaudan-Delawanna, Inc., except for experimental 
purposes or clinical trials. The compound, of course, can 


be incorporated into an 
by simply adding it to 


soap at the time of manufacture 
e mixture. 
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WHAT KIND OF MEDICAL 
OFFICERS DO THE ARMED 
SERVICES WANT? 


HE medical schools and civilian 
teaching hospitals of this country are 


engaged in the education of medical 
officers for the armed services. They are the 
only institutions in existence qualified to ren- 
der this service, and all of the physically fit 
males who go through this education will be- 
come medical officers in either the Army or the 
Navy. That the efforts of the medical schools 
and teaching hospitals have been successful is 
attested by the extravagant praise accorded, 
especially, to the surgeons in the Army and 
Navy for the astonishingly high percentage of 
wounded men returned to active duty. Ina 
recent address before the American Surgical 
Association the Surgeon General of the United 
States Army stated that never before in any 
war had the wounded of our army received 
such excellent surgical care. Likewise many 
correspondents in popular articles have em- 
phasized this fact. The influence of this 


knowledge on the morale of both the combat- 
ants and the home front is incalculably great. 

The surgeons who are responsibie for this 
splendid record are men who not only had the 


_ benefit of four years in a medical school fol- 


lowing a good premedical training in the col- 
leges but in addition spent several years in 
special training in our civilian teaching hos- 
pitals. Many also have fulfilled the require- 
ments for fellowship in the American College 
of Surgeons and for certification by the Amer- 
ican Board of Surgery. They are the product 
of the resident plan of graduate instruction 
which required many years to become estab- 
lished on a sufficiently firm basis to influence 
appreciably the practice of surgery in this 
country. In the years immediately preceding 
the present war several hundred men annually 
were receiving a training which met the high 
standards of the American Board of Surgery. 
The army has recognized the importance of 
qualification by that Board and by the Amer- 
ican College of Surgeons by giving a certain 
amount of preferential consideration to the 
members of the College and particularly to 
those who hold certificates of the American 
Board. 

This splendid plan, however, which has 
been responsible for the excellent care of the 
wounded has been scrapped by the War and 
Navy Departments. Laymen who can have 
no adequate understanding of medical educa- 
tion have dictated what may be given in a 
premedical course, have streamlined the med- 
ical course itself, and have practically de- 
stroyed the resident system of training. Many 
medical officers will now enter the army to 
serve in battalion aid stations and in other 
places demanding a knowledge of surgery 
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whose maximum graduate hospital experience 
has been nine months of a rotating interne 
service with perhaps only two months in sur- 
gery. Is this the kind of medical officer the 
armed forces want? Pity the wounded if it is! 

Let us imagine a group of surgeons with the 
authority to prescribe the education of line 
officers, be they army or navy. Would they 
wreck West Point and Annapolis? Would 
they reduce their faculties by 40 or 50 per 
cent at the same time that they increase the 
number of the students? Would they reduce 
the period of training of artillery officers or 
submarine commanders to an amount which 
could not possibly make them efficient? It 
seems unlikely that they would. Yet if they 
were to exercise an interference with the train- 
ing of line officers analogous to what the War 
and Navy Departments have done to the 
West Points of medicine, that is exactly what 
they would do. 

Is the medical officer of less value than the 
line officer? The General Staff may think so, 
but we know full well that a modern army 
could not function at all without its medical 
department. Conceivably it might dispense 
with any of its other branches temporarily but 
no large concentration of troops could occur 
anywhere without taking the steps necessary 
to prevent the spread of disease. That fact 
has been demonstrated so often in past history 
that no further argument in support of it is 
necessary. 

Although the Surgeon General of the Army 
is no longer a member of the General Staff 
the army must appreciate the value of the 
medical officers because it wants so many of 
them even if they are only half-baked. In 
fact much of the present difficulty arises be- 
cause of the large number wanted. At the out- 
break of the present war we were told that the 
army needed 6.5 medical officers for each 1000 
men in the army. This formula was not in 


SURGERY, GYNECOLOGY AND OBSTETRICS 


existence during World War I but was arrived 
at later during peace time. Despite the ex- 
cessively high ratio of one medical officer for 
every 154 men, little harm would have re- 
sulted when considering a small peace time 
army. But what a difference when the Gen- 
eral Staff began to talk in terms of an 8 million 
army, and the navy of a force of two and one- 
half millions! If the ratio were to be main- 
tained, this meant that 68,250 medical officers 
were to be needed for the armed services out of 
a total number. of approximately 160,000 
medical graduates in this country. Only 58 
per cent of those who had ever graduated from 
a medical school, including those not in prac- 
tice, were to be left to care for the ills of the 
home population. Let us say that with 10 
million of the population in the armed serv- 
ices the remainder would amount to 120 mil- 
lion. That would mean then one doctor for 
each 1293 people. In other words the civilian 
doctor would have 8 times as many people to 
care for as the army or navy doctor. 

The demand for so large a number of medi- 
cal officers is the fundamental cause of the 
disruption of the pre-war efficient plan for 
their education. Apparently only numbers 
count because of the baneful influence of the 
magic ratio of 6.5 per 1000. “Better have a 
lot of poor medical officers than a smaller 
number of good on,” seems to be the phi- 
losophy of the laymen running the War and 
Navy Departments. We know the fallacy of 
that reasoning. Shall we send our men into 
battle with civil war muskets if the supply of 
modern arms is deficient? Of course not. Any- 
body can see how ridiculous and murderous 
that would be. But perhaps only doctors 
themselves can appreciate how murderous a 
half-baked medical officer can be. 

Is it necessary that this large number of 
medical officers be provided? If it is then 
everybody will be glad to make the best of it. 
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The armies of other countries have not been 
furnished with anything like so high a pro- 
portion of medical officers. The British, the 
Australian, and the Canadian armies, for ex- 
ample, get along with a proportion only a 
little more than one-half of what is felt neces- 
sary by our armed forces; and the quality of- 
the work done is excellent. If all of the eight 
million men of our army were to be in combat 
at one time then one medical officer to each 
154 men would not be an excessive ratio. But 
it is well known that only a small minority of 
the men in the army will ever participate in 
actual combat and all of that group will not 
be in combat at the same time. Is not this 
demand for so many medical officers an un- 
justifiable extravagance for which there is no 
demonstrated need? 

These remarks have been directed at the 
evil effects upon the medical officers them- 
selves caused by the disruption of the only 
plan for developing properly trained surgeons 
which has ever been found to work. A similar 
editorial could be written on the disaster to 
the civilian population. Are we to go back- 
wards a quarter of a century and to surrender 
to our two great allies the enviable position in 
medicine which this country occupied before 
the war? The British Commonwealth and 
Russia have not found it necessary to disrupt 
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their medical education to anything like the 
extent which we have been forced to do. As 


a result we may find ourselves a poor third in 


medicine in the post-war world. Is it neces- 
sary? I know of no convincing evidence that 
it is. But nothing will be done to remedy the 
situation unless the medical profession itself, 
the only body capable of understanding how 
a medical officer should be educated, speaks 
its mind loud enough for Congress and the 
President to hear. Reduce the 6.5 ratio to a 
reasonable one and much of the basis for the 
wrecking of our medical education will dis- 
appear. The 9-9-9 plan will not train surgeons 
and will not provide competent surgical of- 
ficers. Still less will the nine month’s rotating 
interneship. That plan should be scrapped 
and in its place a reasonable program for the 
training of medical officers should be sub- 
stituted immediately after a proper inventory 
of the real needs of the armed services has 
been made. 

Finally it is a pleasure to recall the wisdom 
of Aesop in this connection. The hen that laid 
a golden egg every day was killed by its 
owners in order to get all the gold at once. 
But alas! no gold was found inside its body 
and the source of the daily golden egg was 
destroyed. Is there not a parallel here? 

Evarts A. GRAHAM 
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THE SURGEON’S LIBRARY 


REVIEWS OF NEW BOOKS 
T. the monograph of about 370 pages entitled 


Histerosalpingografta! an exhaustive study of the 

subject of hysterosalpingography is presented. The 
opening chapters give a résumé of the history of the 
procedure and a description of the various methods 
which have been used. The relative values of the 
different opaque substances which have been em- 
ployed, salts of thorium, bromide, and the various 
iodized solutions of water and oil are compared. Of 
the 450 cases which form the basis of this study, 
iodolipae, either 25 or 50 per cent was employed in 
75 per cent. 

The author, in spite of his evident enthusiasm for 
this procedure, insists that roentgenology cannot be 
regarded as the only method needed and believes 
that an adequate history, physical examination, and 
necessary laboratory work must not be omitted. 
The procedure should be carried out soon after the 
end of menstruation for sound physiological reasons 
which are given. In the great majority of cases the 
investigation was carried out upon ambulatory 
patients. 

A chapter is devoted to accidents following the in- 
jection of opaque media. The sedimentation test, 
prior to examination, is recommended to avoid 
inflammatory reactions. Rupture of the tubes, 
iodism, embolism, abortion, the formation of oily 
tumors, the possible dispersion of malignant tumors, 
and the entrance of the oily substance into the veins 
of the uterus are all discussed. 

In the chapter dealing with indications and con- 
traindications, ten conditions are listed which may 
be studied. These may seem somewhat liberal to 
many gynecologists. 

A chapter dealing with the normal appearance of 
the reproductive system upon roentgenologic exam- 
ination is followed by one describing abnormal 
shadows. Both are accompanied by an adequate 
number of illustrations. 

Chapters upon myoma and cancer portray the 
diagnosis of these conditions roentgenologically, the 
illustrations ‘supplementing the text adequately. 

A number of authors are quoted who have in- 
jected opaque media into the pregnant uterus. In 
the 2 cases attempted by the author of this work 
abortion followed promptly. Six cases of incom- 
plete abortion were studied. These were all patients 
who had aborted some time previously and who had 
bled irregularly since. While the diagnosis was 
established, it seems that, as curettage would be 
needed to remove the product of conception, this 
might have been done at once, serving the purpose 


IHISTEROSALPINGOGRAF{A. By Eduardo Buteler. Cérdoba, Republica 
Argentina: Universidad Nacional de Cérdoba, 1943. 


of diagnosis as well as treatment and thus avoiding 


“the necessity of two attacks upon the interior of 


the uterus. 

A discussion of the roentgenologic study of the 
cervix is given and an interesting chapter detailing 
the use of roentgenography in the study of sterility. 
a is one of the most important chapters in the 


The author is quite definite in stating that, with 
good technique and proper precautions, danger is 
slight. The monograph closes with a list of 17 con- 
clusions and a bibliography containing 118 titles is 
appended. The book is recommended to those who, 
with a reading knowledge of Spanish, desire an 
exhaustive discussion of roentgenologic study of dis- 
orders of the female reproductive system. The con- 
clusions may in general be approved. 

W. C. DANFORTH. 


HE material presented in the book Applied 

Dietetics! by Frances Stern has been assembled 
from the nutritional data compiled by Miss Stern 
and her associates of the Frances Stern Food Clinic, 
The Boston Dispensary. In the second edition, the 
latest developments and progress made in nutrition 
are brought up to date. 

The author’s long and varied experience with 
food, her experience in the organization of the 
Nutrition Clinic, and in the teaching of many na- 
tionalities of people make her particularly qualified 
for the writing of a book which presents a procedure 
for the planning and teaching of normal and thera- 
peutic diets. 

The method of teaching employed is based on 
the fundamental principles of nutrition: food is 
made up of the same chemical elements as are 
found in the human body. When these foods are 
eaten, the body breaks them down by physiolog- 
ical processes that provide substances with which 
the body builds up and repairs tissues, provides 
energy, and regulates the various functions of 
the body. 

The chapters on the construction of the normal 
and therapeutic diets are well presented. Starting 
with a discussion of the body’s requirement of the 
different food constituents, the author then shows 
how the food prescription is determined on the basis 
of average height, weight, age, sex, and activity. 
The same principles that govern the normal food 
needs of the body are applied to the therapeutic 
diet. When the therapeutic diet is planned, a 

1AppLreD DreTetics; THE PLANNING AND TEACHING oF NoRMAL 


AND THERAPEvTicC Diets. By Frances Stern. 2d ed. Baltimore: The 
Williams & Wilkins Co., 1943. 
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study is made of the physiology and pathology of 
the part of the body affected. The normal diet is 
then modified in accordance with the diagnosis 
which has been established by the medical in- 
vestigator. 

A plan for a nutritional history is presented in 
detail. This history takes into consideration the 
many and various environmental factors that in- 
fluence health and food habits. Emphasis is placed 
on the relation of food to personality: Importance 
of gaining the confidence of the patient is stressed, 
and suggestions are offered on how to gain this con- 
fidence and secure the interest and co-operation of 
the patient. 

Approximately two-thirds of the information in 
this book is presented in tabular form. There are 57 
co-ordinated tables that serve as references to sim- 
plify the computation of diets. The tables giving the 
vitamin content of the various food stuffs are of 
particular value. Other tables included are: tables 
on the relation of food to the body, foods that are 
principal sources of the food constituents, food 
values and measures in terms of average servings of 
food (both in gram and household measures), and 
tables expressing the native background and food 
habits of some of the foreign born and their American 
adjustments. Complete dietary outlines and typical 
menus illustrate the dietary treatment of the various 
diseases. 

This book should continue to be of value as 
reference material to the clinic dietitian, the medical 
student, and students of nutrition, nurses, social 
workers, public health workers, and teachers of 
nutrition. Peart Lewis. 
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gk. recently published Physical Foundations of 
Radiology’ is a book that has long been needed by 
radiologists. Within this compact volume is a read- 
able, practical explanation of physical principles used 
in every day radiologic practice. Information deal- 
ing with every physical phase of diagnostic and 
therapeutic roentgenology, as well as with radium 
therapy, is readily obtained from the orderly dis- 
cussions. Included are interesting, understandable 
descriptions of the modern cyclotron and its use in 
the production of radioactive phosphorous and other 


- elements. A special appendix contains a ready source 


of dosage data for both radium and x-ray therapy; 
the well arranged complete dosage tables cover a 
wide range of variable treatment conditions. 

For the resident or fellow in radiology there is_ 
embodied in this volume the essential knowledge of 
radiologic physics. Much of this material has been 
previously published by these authors and others in 
numerous individual manuscripts, but never before 
collected in one unit. An excellent bibliography is 
included at the end of each chapter. 

Since it is the orthopedist and general practi- 
tioner, rather than the modern radiologist, who 
receive radiation injuries, particularly from use of 
the fluoroscope, the chapter on “Protection” should 
be read by these respective specialists. 

Hospitals or clinics planning installations of new 
therapy equipment have in this book a valuable aid 
in laying out their equipment most economically 
and safely, A. F. GALLoway. 


Otto Glasser, Ph.D., 
D., and J. L. Weather- 
nc., 1944. 
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PLANNING FOR A WARTIME CLINICAL CONGRESS IN CHICAGO 


HE Board of Regents, at its meetings in 

Chicago on May 5 and June 17, ap- 

proved the program that is being pre- 

pared for the 1944 Clinical Congress of 
the American College of Surgeons to be held in 
Chicago October 24-27. The general program 
will give consideration not only to the current and 
postwar problems of civilian surgical practice but 
will include a presentation of the latest develop- 
ments of military surgery so far as such informa- 
tion can be made available. 

This will be the thirty-second session of the 
Clinical Congress heretofore held annually but 
interrupted in 1942 and 1943 by World War II. 
It is the eighth occasion since the first Clinical 
Congress in 1910 at which the surgeons of this 
great medical center have been privileged to act 
as hosts to so large a group of their colleagues. 
Over the years the annual Clinical Congress has 
become an increasingly important factor in the 
development of American surgery, and due to the 
widespread interest already expressed, the con- 
venient location of Chicago with its exceptional 
transportation facilities and with ample accom- 
modations for so important a meeting, a large 
attendance is anticipated. 

Important features of the Congress include the 
Presidential Meeting and Convocation, with the 
inauguration of the new officers of the College, 
and the reception of initiates into fellowship on 
Tuesday evening, October 24; a daily program of 
clinics in the medical schools and hospitals; eve- 
ning scientific sessions, panel discussions, cancer 
symposium, the forum on fundamental surgical 
problems, conference on fractures and other 
traumas, special programs on ophthalmology and 
otorhinolaryngology, discussions of graduate train- 
ing in surgery, the Hospital Standardization Con- 
ference, surgical motion picture programs, and 
the annual meeting of the governors and fellows. 


THE CLINICAL PROGRAM 


Under the leadership of a representative com- 
mittee of Chicago surgeons a clinical program is 
being prepared to be presented at the medical 
schools, affiliated teaching hospitals, and other 
large hospitals, to include operative and non- 
operative clinics, demonstrations, and exhibits 
conducted by the surgeons and surgical specialists 
connected with these institutions. All the special 
fields of surgery will be represented therein, afford- 
ing the visiting surgeons exceptional opportunities 
to study at first hand the latest advances in sur- 
gery as well as the important experimental and 
research activities of Chicago institutions. The 
program will present a wide variety of material in 
the fields of general surgery, fractures and other 
traumas, neurosurgery, thoracic surgery, ortho- 
pedic surgery, urology, obstetrics and gynecology, 
ophthalmology, and otorhinolaryngology. Clinics 
and demonstrations at the hospitals will be held on 
Tuesday afternoon, October 24, and on the morn- 
ings and afternoons of the three following days. 


OPENING SESSION 


The Congress will open at 9:30 on Tuesday 
morning with a general assembly in the ballroom 
of the Stevens Hotel. The President of the Col- 
lege, Dr.W. Edward Gallie, of Toronto, will preside. 
Dr. Irvin Abell of Louisville, Chairman of the 
Board of Regents and President-Elect, will report 
on the field activities of the College since the last 
Clinical Congress held in Boston in 1941, and will 
summarize the accomplishments of a quarter of a 
century of hospital standardization. Reviews of 
the activities of the United States Army and 
Navy medical services in the war will be given by 
the respective surgeons general, Major General 
Norman T. Kirk and Vice Admiral Ross T. Mc- 
Intire. ‘The Health of the Nation in Wartime” 
will be discussed by Dr. Thomas Parran, Surgeon 
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WARTIME CLINICAL CONGRESS IN CHICAGO 


General, United States Public Health Service. 
Medical service in the Army Air Forces will be 
described by its chief surgeon, Brigadier General 
David N. W. Grant. The Procurement and As- 
signment Services in the United States and in 
Canada will be described by, respectively, Dr. 
Frank H. Lahey of Boston, Chairman of Direct- 
ing Board, United States Procurement and As- 
signment Service, and Major General G. B. Chis- 
holm, D.S.O., M.C., Ottawa, Director General of 
the Canadian Army Medical Service. 


GENERAL PROGRAM 


At the Presidential Meeting and Convocation 
on Tuesday evening in the Ballroom of the 
Stevens Hotel the new officers of the College will 
be inaugurated and initiates of the classes of 1942, 
1943, and 1944 will be received into fellowship. 
Dr. W. Edward Gallie will deliver the presidential 
address at this session and distinguished visitors 
from foreign countries will be. introduced. At 
scientific meetings on Wednesday, Thursday, and 
Friday evenings at headquarters eminent surgeons 
of the United States and Canada, and possibly 
visiting surgeons from foreign countries, will 
present papers on surgical subjects of timely 
importance. The programs are in preparation 
under the direction of the Board of Regents and 
will be published in a later issue. 

As it has been demonstrated at previous Con- 
gresses and sectional meetings that panel discus- 
sions afford an excellent medium for the exchange 
of information on selected topics, programs for a 
series of these panels dealing with newer aspects 
of military and civilian surgery will be held daily 
during the Congress. Eminent surgeons will col- 
laborate in the presentation of vitally important 
material and opportunity will be provided for the 
free discussion of the subjects from the floor by 
those attending the panels. 

It is planned that the “Forum on Fundamental 
Surgical Problems,” which proved of great interest 
and value in Congresses held just prior to the war, 
will again have its place in the program. The pur- 
pose of the forum is to enable younger men repre- 
senting university departments of surgery to pre- 
sent the important results of their clinical and 
experimental work. While these activities have 
been somewhat reduced due to the war, it is ex- 
pected that a wide range of subjects will be in- 
cluded, affording a most valuable insight into the 
latest work of many of the universities. 

Both military and civilian surgeons of the 
United States and Canada and some visiting sur- 
geons from abroad will participate in the demon- 
strations, panel discussions, and formal scientific 
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sessions on fractures and other traumas. Develop- 
ments in the care of injuries suffered in civilian 
accidents, as well as those encountered in military 
action, will be featured. 

In recognition of the fact that cancer is a sub- 
ject of increasing concern not only to physicians 
caring for civilian patients but for those entrusted 
with the care of military personnel and veterans, 
a symposium on this subject will be held in which 
will be covered as comprehensively as possible the 
developments in diagnosis and treatment since 
the last Clinical Congress in 1941. 

A daily presentation at headquarters of a varied 
program of surgical motion pictures is planned, 
to include the newest available films approved by 
the committee on medical motion pictures. 

Meetings of the state and provincial Judiciary, 
Credentials, and Executive Committees will be 
held on Wednesday forenoon at headquarters with 
addresses by the President, officers of the College, 
and the Regents. The annual meeting of the gov- 
ernors and fellows will be held in the Ballroom of 
the Stevens Hotel on Thursday afternoon begin- 
ning at 1:30. 


OPHTHALMOLOGY, OTORHINOLARYNGOLOGY 


The general program of the Congress includes 
many features of special interest to those surgeons 
whose practice is limited to ophthalmology or 
otorhinolaryngology. In addition to operative 
clinics and demonstrations to be given daily at 
several of the hospitals, programs for a series of 
clinical conferences and scientific sessions, to be 
held at headquarters, are being prepared. Out- 
standing specialists will present papers of particu- 
lar current interest and will lead the discussions. 
A series of selected motion pictures related to 
these special subjects will be exhibited. 


FRACTURES AND OTHER TRAUMAS 


Military medicine has focused considerable at- 
tention upon the treatment of fractures and other 
traumas, which, coupled with experiences in ci- 
vilian practice, justify the devotion of several 
demonstrations, panel discussions, and formal 
scientific sessions to this special field. Both mili- 
tary and civilian personnel will participate. De- 
velopments in the care of injuries encountered in 
military action and those suffered in civilian ac- 
cidents will be featured at the evening session on 
Wednesday, which will include the annual oration 
on fractures and other traumas. 


GRADUATE TRAINING IN SURGERY 


The symposium on graduate training in surgery 
and the surgical specialties will provide a highly 
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important feature of the Congress. It is scheduled 
to meet in two sections, one section to deal with 
the special problems of ophthalmology and oto- 
rhinolaryngology, the other with problems related 
to the fields of general surgery and the surgical 
specialties. 

Plans will be presented and discussed, dealing 
with increased activity by the College in encour- 
aging the inauguration or continuance by all qual- 
ified hospitals of the maximum number of oppor- 
tunities for graduate training. These are neces- 
sary to meet the desires of physicians whose sur- 
gical training has been interrupted by military 
service and to compensate for unavoidable cur- 
tailment of educational programs during the war. 
Success in maintaining high standards of surgery 
after the war depends in large part upon the em- 
phasis placed upon the proper preparation of the 
general surgeon and the surgical specialist. 


HOSPITAL STANDARDIZATION CONFERENCE 


Current problems of hospitals will be discussed 
at sessions constituting the Hospital Standardiza- 
tion Conference. The newer personnel policies, in- 
cluding speedier and more effective methods of 
training, will be discussed by authorities in per- 
sonnel management. How labor and materials 
may be conserved through the use of labor-saving 
devices and the introduction of more efficient 
practices will be described. The relation to hos- 
pitals of the War Production Board, the War 
Manpower Commission, and other governmental 
agencies, in helping to solve the problems of short- 
ages of supplies and personnel will be presented 
by representatives of various organizations. 

Figuring prominently in the discussions will be 
government relationships with and aid to volun- 
tary hospitals, with special consideration of de- 
velopments in hospitalization aspects of the emer- 
gency maternity and infant care program, rehabil- 
itation, distribution of penicillin, grants-in-aid, 
and the obtaining of priorities for needed expan- 
sion and modernization of physical plants. Post- 
war planning in all its phases will be featured 
throughout the conference. 

The hospital sessions, beginning on Tuesday 
morning and continuing through Friday afternoon, 
will include general assemblies, panel discussions, 
round table conferences, consultation service, and 
demonstrations. 


ADVANCE REGISTRATION 


The hospitals of Chicago afford accommoda- 
tions for a large number of visiting surgeons, but 
attendance at the Congress will be limited to a 
number that can be comfortably accommodated. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Surgeons who expect to attend the Congress will 
therefore register in advance. Admission to clin- 
ics at the hospitals and to certain scientific ses- 
sions at headquarters will be controlled by means 
of tickets issued to the visiting surgeons at the 
registration desk. 

In accordance with a resolution adopted by the 
Board of Regents, fellows of the College whose 
dues are paid to December 31, 1943, initiates of 
the class of 1944, fellows and junior candidates in 
military service will not be required to pay a 
registration fee. For junior candidates not in 
military service the fee is $5.00; for other surgeons 
attending as invited guests of the College, the fee 
is $10.00. 


HEADQUARTERS, TECHNICAL EXHIBITION 


Headquarters for the Congress will be estab- 
lished at the Stevens Hotel which affords unusual 
facilities for so large a meeting as the Congress. 
The grand ballroom and other public rooms on the 
second and third floors have been reserved for 
scientific sessions, conferences, and panel discus- 
sions. The Technical Exhibition, together with 
the registration desk, will be located in the large 
Exhibit Hall on the lower floor of the hotel where 
leading manufacturers of surgical instruments, 
sutures, dressings, pharmaceuticals, operat- 
ing room equipment, x-ray apparatus and hospital 
equipment of all kinds, as well as publishers of 
medical books, will be represented in the ex- 
hibition. 

CHICAGO HOTELS AND THEIR RATES 


Chicago has many first-class hotels, several 
within walking distance of headquarters. Reserva- 
tions for hotel accommodations should be made 
at the earliest possible date. The following hotels 
are recommended: 


Minimum rate 
with bath 

i Double 
Bismarck, 171 W. Randolph St........ 5.25 
Blackstone, Michigan Ave. Balbo Ave. 4.00 7.00 
Brevoort, 120 W. Madison St......... 2.50 3.50 
Chicagoan, 67 W. Madison St......... 2.75 4.40 
Drake, Walton Place at Michigan Ave. 4.00 7.00 
Eastgate, 162 E. Ontario St........... 2.75 4.40 
Edgewater Beach, 5349Sheridan Road.. 4.40 6.60 
Harrison, 57 E. Harrison 2.00 3.00 
Knickerbocker, 163 E. Walton Place... 3.50 5.00 
LaSalle, Madison and LaSalle Sts... . . 2.75 4.40 
Medinah Club, 505 N. Michigan Ave... 3.50 5.00 
Morrison, 79 W. eee 2.75 4.40 
Palmer House, 15 E. Monroe St....... 3.85 5.50 
Planters, 19 N. 2.25 3.50 
St. Clam, 162 ©. Gite St... 3.00 4.50 
Seneca, 200 E. Chestnut St........... 4.00 6.00 
Sherman, 106 W. Randolph St........ 2.75 4.40 
Stevens, 720 S. Michigan Ave......... 3-25 5.00 
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